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CHAPTER |

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 tothe.end stage renal disease (ESRD) which is
the condition requiring dialysis-or kidney}ransp!antation to maintain patient’s survival (4-
6). The enormous costs ofstreatment lead to a large buiden for the health care systems,

particularly in developing Countrigs. The incidence of CKD is increasing, with a doubling
i
in the number of patients treated for ESRI?_ in universal over the past decade (7, 8).

Current concept of CKD .reatment.is.prevention by life style modification and

medication. Especially, bleodipressure Con:ftroi, and decrease proteinurea are the target

of treatment (9, 10). Howe\er, thefe'is'no d_'e:-ﬁhi‘t'e therapeutic option to slow progression

o
of CKD. = *"' )
. - 4 -7_:1‘!
Many studies demonstrated that the development of interstitial fibrosis and

oy ® by

tubular atrophy (IF/TA) is the -m'-éin :patholog‘y'i; p_rogressvi.on of renal fibrosis (11, 12).

One of the main eﬁé(_::tor cells that contribute to the deveﬁ@bment of progressive renal
fibrosis in CKD is the tgbulointerstitial fibroblast. Importa_htly, a large proportion of the
interstitial fibroblasts areknewn 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.asthe tubular, basement membranes are distupted. Consequently,
this process induces renal tubular destruction and accumulation of myofibroblasts.
Moreover, evidence pointing to the transforming growth factor B (TGF-B) superfamily of
proteins is primary regulators of fibrosis (15). Indeed, TGF-B1 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-B1 (16). Upon

binding of ligand, the constitutively active type Il receptor activates the type | 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-B1 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-B1 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 EMTof the  TEC could be reversible. Recent
therapeutic trials in many animal models of acute kidney injury (AKI) and chronic renal
failure have demonstratedethe® efficacy of many substances in preventing the
progression of renal fibrosis. Some studiés could show the reversible process of renal
fibrosis (16). However, many clinical studiés in human have been shown that several
medications could not'established thepro@isjng results in prevention and/or reverse the
TA/IF in CKD patients: Therefor_e, _from t}‘}g gnimal and clinical point of view, it is
important to study which interventiqﬁ_or drug:f‘tp-erapy could potentially reverse or inhibit

the EMT during the progression 0FCKD. vl

Vitamin E is the name-given to be éj’];a'rx‘;Hy of eight molecules. They consist of
two groups, tocophsrels_and tocotrienols, which contain _séturated or unsaturated side
chains. Vitamin E, partieularly in the form of alpha tocopherozlz,‘ has been proposed for the
prevention or treatment of numerous health problems which is primarily due to its
antioxidant and:anti-inflammatary; propérties:(18:21). lIm“tertn, ofrantioxidant capacity of
vitamin E, it hasdoeen showed the benefit to treatment AKI and slows the progression of
chronig=kidneyinjury inymany=animal kidney, diseaseymodels=(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 (UUQO) 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-B1/Smad 2/3 but

preserving anti-fibrotic BMP-7/Smad 1

1.3 Objectives
-To evaluate the uate pathologic severity of TA/IF
in obstructed kidneys. 7
-To evaluate t s pro-fibrotic TGF-B1/Smad
signaling induced EM

-To evaluate t L vitami preserve anti-fibrotic BMP-7

The hypothesi§ of present stu‘dy is inhib o-fibrotic TGF-B1/Smad 2/3 but
g atory property of vitamin E

uring chronﬂkidney injury.

oxomess A UH ANYNITNHINS

Vitamin I;y(alpha tocopherol TGFgSmad 2/3

RN T U VAR BBl Bt

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

preserving anti-fibrotie ' BMP-7/Smad

could be inhibit EMT ag ameliorate i

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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CHAPTER Il

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 CKDy can be detected through laboratory testing.
Treatment of earlier stages of.€KD is effective in slowing the progression toward to
ESRD (25). Initiation of‘treatment for card‘iovascular risk factors at earlier stages of CKD
should be effective inréduging cardiovaseular disease events both before and after the
onset of kidney failure and gould im.prove ‘pa‘Ei_ent survival. Unfortunately, the problem in
CKD patients is under—diagnosi‘s Ieadfagr to. under-treatment, resulting in lost
opportunities for prevention and disjease a:_&iiza‘r'icement (26). One reason is the lack of
agreement on a definition and_nplééi%iﬂcatiéirg—_-?q_fﬁstages in the progression of CKD. A

clinically applicable classification would b_éibased on laboratory evaluation of the

o

severity of kidney diséase, association of level of kidney/function with complications,

stratification of risks -%o_r loss of kidney function and de_;/-e'lopment of cardiovascular
disease. Moreover, definite treatment (0 slow progression of CKD patients has not
recovery yet. Although, "In“Vivo studies_demonstrated some_medication could slow

progression of CKDut.theythave not'work properlylin' CKD patiénts (27-30).

2.1 Definition and classification of Chronic Kidriey ‘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 on recommended by Kidney Disease

Quality Outcome Initiative ( uently, CKD is defined as kidney

damage or glomerular W w 73 m® for 3 months or more,
’ ¢ ) Wases can be ascertained by
the presence of albuminuaié, défine 2 e inine ratio >30 mg/g in two of

three spot urine specimens. GFR.C: e fimatec alibrated serum creatinine and

estimating equations, e Modificati Diet in Renal Disease (MDRD) Study

Chronic kidney d|5$% is present lf elther of itéria is present for three

months or more :

1. Structural orfunctioﬁl abno with tﬂvithout decreased GFR), as

manifested by any of the Pllowmg

AULINUNINGINT

*Proteinuria Ibumm-to‘creatmme ratié== 30 m
AN AT A Y
*abnormal imaging studies
*tubular syndromes
- Kidney transplant recipient

2. GFR < 60 ml/min/1.73 m?, with or without kidney damage.
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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.

11/,
L

Table 2.2 Stages of ChronicKidney Disease (K/DOQN(31, 32)

Stage § GFR

2N (ml'min/1.73m?)

1 K.ndneycﬁ?/mnna&nal or fGER > 90

2 Kindney daA)Je wgth mﬂgi lGFR 60 - 89
3 | Moderate lGFR' ' :"‘ 30-59
4 | SeverEndGFR il £ 15-20
5 Kidne?‘(alilure =::“ <15 (or dialysis)

S ™

2.2 Incidence and prevalencé of CKD

CKD is now recognized as’ a common geondition that elevates the risk of
cardiovascular diseasevas well as ESRD and othep 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 f 04 showed that the prevalence of CKD

in the United States in 199 as in 1988-1994. This increase is

partly explained by the'w betes and hypertension which
raises concerns about inc of kidney failure and other

complications of CKD 4 S 2000 Annual Data Report

Estimated Mo, of
KD US Aduits in 2000,
Slage® II-IMEEHHHHQ i f e, in Willions {35 % €1
]
i
.
3

FGT A
6.515.2.76
155{14.1168)
0.7 10.5:0.98
A

2.3 (242580

mwmmmwmﬁmmm SHARES. Plaionsl Healh Al Mlifeon Exaeirnaion Sunegs,
Mhmdmmaw e 1. pe P v than S0, e 105 0 ghege 3. e shenl b s wih GIR

W ik alie
:ﬁm STRENTNERE™

3@$#¢ﬁs

Posradencs. "s
v g

I 5 GMER STO W W MR GT s T B I R D
A Geiag, v Aip o ¥ Age D=k A Q.

NHAMES indecabes Blstional Health and Mubrition Examination Serwys.
*There wen: Ho cased in 1588- 1954,

Figure 2.1 Prevalence of Chronic Kidney Disease (CKD) stages by age group (35)
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In addition, incidence and pre\/alence of CKD in Thailand have been
assessment. Compared'to the CKD prevaleﬁce reported from the United States, reports
from Thailand showed that CKD prevalence j&uctuated from a much lower to a high rate

of occurrence ranged from 448%:to 13.8%_’,(39, 40). The population-based Thai

Screening and Early Evaluation -of-Kidney Disease (SEEK) study was conducted with
cross-sectional stratrﬂed cluster sampling_study —The 3,459 ‘'subjects were included in
this study, and 626 subjects were identified as CKD foliow K/DOQI classification. The
evidence of overall CKD prevalence was 17.5%. The CKD prevalence of stages I, I, Il
and IV were 3:3% 5.6%, 7:5%/and| 11%=respectivelys CKD=prevalence in the Thai
population is mueh higher than previous study and early stages of CKD seem to be as

commonsas, laterstagesy(44).

Table 2.4 Prevalence of CKD in the Thailand (39)

Stage | Stage 2 Stage 3 Stige4 Stage 3 Total

GFR > 9 GEFR 60-59 GFR 3I0-39 GER 1329 GER < 15

+ Protemuna Protemuna
(O™ (C0) LM{10Ms) 9 (0.6%0) LER3 (7. 3%8) IS0 %) S(0.05%) 1403 (9.1%)
GFR*™ (MDRD) 128 {0.8%) 11200.7%) J0002.9%)  1400.0%) 900060 T3 {4.0%)

* Creatining clearance caleulated by the Cockerofi-Gault formula
=% Glomenilar filtration mte caleulated by the Modified Diet in Benal Disense (MDRD) Study equation
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Table 2.5 Estimation of CKD prevalence according to gender (41)

UKD st
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thepall 3434 J: 13 B CEA. 1 e 1% (N nln ITA
12540 [4.2.7m (4.1 (R T b, 20y
LAY | W Hing T4 L3

Given the pathogenic p Si %disease, patients with CKD are at
high risk for progression to 7m=-r..-.-:~ ren@(ESRD). This condition requires
dialysis or kidney trans | -term survival. The enormous
costs of treatment lea care systems, particularly in

developing countries.

2.3 Pathology and pro ‘
Despite from defini 2 most | t problem in CKD patient is

/ ] ,
ﬁ “kidney function (42), develop

excessive incidence o coronary artery d|sease in CKD The role of reduced kidney

function is aIsﬂeﬂﬁm’IWﬂﬂtdﬁf ﬂqrﬁ ion, the important risk

factors for CKD fprogression are protelnurla diabetes, and high Iood pressure (43-45),

AR YU Y

common in kidney di
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STAGE
Diagnosis and Estimate Evaluate and Preparation for Dialysis if
Treatment of Progression Treat Dialysis Uremia Present
Comorbidities Complications
1 2 3 4 5
>
> 90 60 - 89 15- 29 <15

Kidney Transplantation

Progression

or

Dialysis

Figure 2.3 Disease pro

Therefore, al

response in CKD pati

TECs, interstitium and en

compelling evidence that mterstma#:FFFﬂam -:,»;ﬂ plays a central role in the loss of renal
‘.-v". '__r,, w 3 ——
function in CKD (47‘__]The combined eéects_q“gfnﬂammation (12), oxidative

stress (48) and lo ted in the disruption of

.angiotensin Il a
glomerulus and tubulegconti_nuity, opment of!ﬂathogenic hypoxia (49), the
generation of m ﬁoflbrobrﬁs&and fibrosis (80), and the impairment of the protective

TR I T Tla o o .

between protelnurla and progression of CKD is fismly established (51). For example,

proxrid| lial GUIS] Sibosbd i b eotcabi bt or | Gy recaso oo

inflamma?ory and pro-fibrotic factors including nuclear factor Kappa-B (52) and the

autoregulation

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-f 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),D, 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.

Tubulointerstitial inflammation

™ Postglomerular
ischemia

o Tubuloglomenular
 Meedback resetting

CKD (47)

9

Myofibroblasts
collagen deposition
reduced matrix degracdation
+ Figure 2.5 Activation of inflammatory and

Tubulointerstitial , _ . o
fibrosis 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).

effective therapy is cri |caI such as strategles that suppress elaboration of ECM and

thereby |nh|b|tﬁ ﬁﬂwaﬂeﬂ ﬁwﬂwﬁ mT;ﬁsT prevent development

of ESRD.

’QW'MNﬂiEM UANAINYA Y
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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, e‘\ggntually the glomerulus and the tubules,
which evolves into preliminary forms of thé "'{se_/gmented nephron (55, 56). Currently,
these stages are largely based on histofnorphologic-criteria and expression of marker
molecules. Bone Morpr@metiof Proteitn—? (BMP). family members display dynamic
expression patterns duringskidney develépment. BMP-7 transcripts are detected in the

ureteric bud emerging from th "‘"‘\EIVQIffra_h d_ufit at 11.0 dpc and expression is maintained

in derivatives of the 'gu{_de elopment. From' the initial contact until the

cessation of nephrogenesis, th condensé’d_ﬂmesenchyme surrounding the ureteric tips

b o ARk SR g
- R

expresses BMP-7 exclusively Sﬁbéequeni% the induced mesenchyme undergoes a

process of nephrogenesis th?t,-;-?ji‘h-volves:-f,"—-i?é;iera! morphologically distinct stages

proceeding from pre-tubular aggfggate, ogjﬁm,@,and S-shaped tubules, to nephrons

which are fused with.the collecting duct at the distal-end a@'::l-_contain a glomerulus at the

proximal end. BMP;Téi:nily members are expressed in atgraded manner during this
period. BMP-2 expres§f‘6n in the kidney is first detected”in the pretubular aggregates
and is maintained in theydistal parnt of thesearly tubules. By eontrast, 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 m kidney development (57)

Bowman's Proximal | -
capsule tubule 58 £

Podocyte

(E)

Figure 2.8 Normal kidney development and nephrogenesis (56)
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BMP-7 and transforming growth factor B (TGF-B) regulate and maintain the
epithelial state. Much of the renal epithelia are derived from mesenchymal cells through
inductive interactions. One function of TGF-B 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 (ENT)

Since late 20th century, the curfent thinking.regards morphogenesis in early
embryonic development, tissue repair, and cancer metastasis (59, 60). In mammals,
experimental work on epithelial cell plé}sticity 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 agr’eed'.:‘inJ_ZOOS, at the first meeting of The EMT
International Association (TEMTIA); in :F'J?or‘[ Douglas, Australia, that epithelial-
mesenchymal transformation andsebithelia--l_ig]e‘éenchymal transdifferentiation would be
called “epithelial-mesenchymal tﬂruar{sii.tion” glc)';}n;;cj_:f__‘or\Nard.

The field of EMT today.is vastly mc@éx@ansive in scope and understanding

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

fibrosis and cancer métastasis (59-61). The study of variousmodel systems involving an
abundance of different epithelial cell types, often examined in culture and out of
biological context, Jends,considerablesuncertainty .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 lis‘heuristic' valuelin parsing [EMT.into three igeneral 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).

EMT by type (based on context)
Type 3 (metastatic)

Primitive Epithelial
epithelia carcinoma
P |
= =
NZ- Q>
o o
Mesenchymal Metastatic
cslls tumor cells

— Secondary
Y| tumor nodule

Tl
A

Figure 2.9 Thﬁ wvzmﬂaﬂ ﬂﬁzwﬂ‘eﬂrﬂ ﬁ the phenotype of the

output cells (6

ammmm UA1AINYAY
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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 switeh-is-of interest fortype-2-EMT associated with fibrogenesis
(65).

2.6.2 Cytoskeletal mariers of EMT: FSP1 is'a member of the family of Ca2+-
binding S100 proteins (66). Itds a prototypical fibroblast marker for detecting EMT in
cancer and fibrogenesis. ln'tissue ﬂbr;osisfmgst epithelial cells undergoing type 2 EMT
express FSP1 early in transition to fibroblas:’ts, and lineage tagging in transgenic reporter
mice reveals that more than one—tﬁiﬂr_c;dd ofall F§If1+ fibroblasts in fibrotic kidneys are EMT
derived (50). Alpha-SMA is"one:ofsix actir’i-’j‘éﬁmily members. In the adult, prominent

alpha-SMA expression can be. foundin vascgia’gsmooth muscle cells and myoepithelial

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

associated with ceIIsLthat eventually express alpha-SMA as Fﬁlyofibroblasts.

2.6.3 Extracellutar proteins: Fibronectin is a high-molecular weight glycoprotein
that serves as alseaffold for, fibrillar EEM (68): sEven 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.
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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

‘f’?)itheIiaI—to—mesenchymaI transition (EMT)
2

e —
afroceea-h-ﬁch renal tubular cells lose their

tubular epithelia at the site of inju
(50). :

Tubular EMT by initi
epithelial phenotype and ristic features of mesenchyme.
Obviously, this phenotypi ‘an orchestrated, highly regulated
process that consists of fo ial cell adhesion; (2) de novo _-
smooth muscle actin and, agti n; (3) disruption of tubular
and invasion. Of the many
factors that regulate EM enf‘ A 8,7 is the most potent inducer that is

capable of initiating and co plel_mgghé% lire EMT course, whereas and BMP-7 act as

Myl ROCK inhibition

Figure 2.10 Schematic illustration shows the key events during tubular EMT (13)
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2.8 TGF-B 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~eells in vitro undergo phenotypic
conversion after incubation with fierogenic TGF-B; the transition is characterized by loss
of epithelial proteins such.as E-cadherin";‘ zonula oceludens -1 (ZO-1) and cytokeratin,
and acquisition of new mesenghymal markers including vimentin, alpha-smooth muscle
actin (0l-SMA), fibroblast-specific p‘rotéin—f‘(E;SP—ﬂ, interstitial matrix components type |
collagen, and fibronectin (18, 71). These :altierations in protein expression are usually
accompanied by morphologic chéné_es to a:é'jl{bqr;)blastoid appearance and an enhanced
migratory capacity. Many ‘studies: proposédj;,ihat EMT is an orchestrated, highly
regulated process that consists of ‘four keyf;;teps; loss of epithelial cell adhesion, de

novo mesenchymalexpression and actin reorganization, distuption of tubular basement

membrane, and enhanced cell migration and invasion (13, 7?).

The induction of EMT by TGF-B was first recognizeéd in cell culture. Upon TGF-B
treatment, epithelial cells) changedgfrom cuboidal to an~elongated spindle shape, and
showed decreased expression of epithelial markers and enhanced expression of
mesenchymal, markers fibrenectin-and.vimentin.(73). Mounting, evidence establishes a
crucial role’ for TGF-B signaling “in"“mediating EMYT (74, 75). TGF-B"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-B induced EMT is particularly relevant to the
pathogenesis of kidney fibrosis. Smad proteins mainly mediate the signals of TGF-B.
Upon stimulation by TGF-B, transmembrane type |l TGF-B receptor forms tight

complexes with the type | 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-f3
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 hepatoeyte growth factor andbone morphogenic protein-7 (BMP-7)
(16, 81).

Multiple BMPs are expressed i‘fn the Kkidney, of which BMP-7 is the most
abundant and well charatterizec: BMP-7" appears to act as a survival factor for
undifferentiated kidney mesenchymal cells—u:;by; 0pposing apoptotic signals, and ensures
that these cells are competent to r_es_pond tbf.}ht?_inductive signals for promoting nephron
formation (82). Several studigs sug_éest the}r_E}MPY might have anti-inflammatory and
cytoprotective effects on renal tubular epithe@ié’élls. BMP-7 can suppress several TNF-
alpha stimulated proinflammatory Cytokineé;;'ihieﬁleukins 6 and -8, chemokines and
monocyte chemoatifactant protein-1.In add'tjm_Bl\iI:Pﬂ reduces the nuclear
accumulation of Smadai via a Smad5 mediated process: ’E-SII\/IP—7 signaling via Smad5
upregulates Smad6, which blocks the nuclear translocation of phosphorylated Smads 2
and 3 and therefore ¢ounteracts/T@F:B1stimulated expressionof plasminogen activator
inhibitor-1 in mesangial cells (17). The opposing interactions of BMP7-dependent
Smads~( and 5) testhe, TGF:B-induced Smads; (2«and+3)ymight thusysuppress TGF-B
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 2.12 EMT controlled by TGF-B and BMP-7 induced Smad signaling pathway (15)
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So, the therapeutic that can inhibit TGF-B/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
ﬁ different forms, namely alpha-, beta-,
gamma-, and delta-tocophei nd ) amma-, and delta-tocotrienol (84)
and are differences in témyﬁnd

effects.

chains, respectively. Vitamin E

nce which can lead to varying

‘betn -Tocopherol beta-Tocotrienol

F.guremsajﬁluﬂ@hﬂﬂﬂiﬂEﬂﬂ‘ﬁ
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prevent|on 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 Ol-tocopherol (Vit E-OH) than with PUFAs (87).

In the presence of vitamin E:

ROO: + Vit E-OH =g ROOH+Vit E-O-
In the absence of vitamin E:

ROO- + RH =) ROOH + R:

R+ 02 — ROO-

In this way, alpha tocopherol acls as @ chain breaking antioxidant, preventing
the further auto-oxidation ofsPUEAS in membranes or lipoproteins. Several studies have
reported that vitamin E _stpplements afib associated with decreased risk of various
chronic diseases. The Women's Healih ijUdy, 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 moift:é}liity_ Py 24% and in women over 65 by 49%
(20). The Cache County ‘Study rep_érted th'é{c._éntioxidant use (vitamin E >400 IU and
vitamin C >500 mg) was assodiated with reiud.ed Alzheimer disease prevalence and
incidence in the elderly (88). These reports 6;b'e‘neﬂcial vitamin E effects encourage the
use of vitamin E“sepplements _need for furthering _u:,nderstanding of vitamin E
metabolism. '

Supplement with vitamin E exhibit anti-inflammatory activity in both vitro and in
vivo (84, 86)./Algha focopherol Wwas) demonstrated «to smodulate two major signal
transduction pathways centered on protein kinase C and phosphatidylinositol 3-kinase,
which assegciated with ehanges inwcellppraliferationy, plateletyaggregation, 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).

Oxidative stress Inflammation/thrombaosis
| LDL oxidative susceptibility

1 Autoantibodies to ox-LDL !% cylokines (IL-1 & 6, TNF)
._‘

1 Urinary isoprostanes s Hhmnm to endothelium

1 ROS (0y7) productio adbeSIOn molecules

Abbeeviations: hs-CRE, high sensigfity @55 g8 : A, LI 1§l\l:in; ot-L DL, oxidative low.
density lipoprotein; PAL-1, plas L Hor '
TNE, imor necrosis factor; 1 mte

Figure 2.14 Effect of vitami T dative S d inflammation molecular function

(21)

One of the ol inflammatory process is

TGF-B, which has bee hown down regulation of this gene expression by vitamin E (97,

98). Many st % % ssion of TGF-f and
ameliorated re %IM ﬂzfﬂ ﬁﬁﬁﬂ?aw fibrosis (99), heart
fibrosis (10 ro :ﬁf 101)..In ion,, vitami (Iiﬁ! emonstrated to
suppreg %‘lﬁla ﬁﬂg ﬁ;ﬁjﬁMﬂj ir%jsh progression
of renal f|br05|s (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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CHAPTER 1lI

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. 4

All animal experiments.were conducted in accord with the Thammasat Animal
Experimental Unit Guideline. Mice were ai"nesthetized with pentobarbital sodium at dose
of 40-60 mg/kg by intrasperitoneal i’hjﬁectijgﬁs. The abdominal region was shaved, and
the animals were placed on a h’eating";. table to maintain them at constant body
temperature at 37 + 1°C while_ under a!;'esthesia The abdomen was soaked with
Betadine, and sterile drapes were applied. Arm|dl|ne abdominal incision was made, and
both kidneys and ureters were |dent1f1ed TheJeft ureter was dissected out and ligated
with 4.0 silk at two paoints along its Iength. The wcunds were closed in two layers with 4.0
silk and mice were a|Lowed—to—recovef—FOHowmg surgery the animals were returned to
the cages, where they had free access to food and water. |\/I|ce will be divided into the
following four experlmental groups (total = 48): (1) Sham—operated control group (n=6):
mice were subjected|ta.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‘cperated mice were received oral'vjtamin ‘E1260mg/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
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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

RNA/ater Stabilization Solution (Ambion, Inc.) for RT-PCR gene expression studies.

\ maﬂﬂﬂswa1ﬂﬁ
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2" gacrifice
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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 weresfixed-in 4%+ paraformaldehyde. Five-micrometer paraffin
sections were dewaxed anderehydrated. - For antigen retrieval, kidney sections were
microwaved for 30 minutes: Endogenod&s peroxidase was quenched with 3% H,O, for
20 min, and non-specific inding blocked with 20% nermal goat serum in phosphate-
buffered saline (PBS) (pH 744). Sectlons wgere incubated at 4°C with primary antibodies
against TGF-B1 (1:500;/Santa Cruz Blotec_l-:mology 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: 20@ Abcams. -BJ@med Diagnostics (Thailand) Co. Ltd.)

for 1-3 hr followed by Envision reagent (DaKo, Ei,angkok Tha|land) containing anti-rabbit

secondary antibodies 1or 30 min, and finally with-3,5- dlammoben2|d|ne (DAB) substrate

for 10 min. Negatlve controls using normal rabbit IgG were also included. Nuclei were
counterstained with hematoxylin for 2 min, and slides wére 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 pl of 40 mM Tris-
HCI (pH 7.6) buffer containing 0.1% Nodinet P-40, 0.05% sodium deoxycholate, 0.01%
SDS, 150 mM NacCl, and 10 mM 2-mercaptoethanol. Homogenates were treated with 60
pg/ml of PMSF and centrifuged in a pre-chilled rotor at 15,000xg for 15 min.
Supernatants were stored at -70°C. Protein content was measured using a BCA™

Protein Assay Kit (PIERCE, IL, USA).

3.3.2 Determination of protein concentration

Protein concentrations-Wwere determined using BCA (Bicinchoninic acid)
Microtitre Protein assay. _n a+96 well‘lmicrotitre plate, 20 ul of distilled water (in
duplicate) was used as'a blanki Varying ?mounts of a 1Tmg/ml of BSA protein standard
was also loaded, in duplicate, such that gaqh pair of standards contained between 2
and 20 pg. 5, 10 and 20 pk of unknown ',Js._ar;wple were added separately in duplicate
wells. All standard proteins and s{émples_:';:?ye‘;re made up to 20 pl final volume with
distilled water and 200 pl of s_;ganﬂt-j“ard—wo!rdlgi-_ﬁggreagent (S-WR) added. This working

reagent was stable at room temperature f_o_f_,___ap_proximately 1 week. The plate was

placed, covered with k;ling film to reduce evaporation, in ar}"'ir_w_cubator for 30 min at 37 °C

and then removed to -€ool 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 unkhown saimples was detefmined.

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 (pl) 10 10 10 10
10% AMPS (ul) 45 7 45 45

?/&of TEMED and AMPS (as indicated
above), briefly mixed anw Cassette The resolving gel was

overlaid with water satura ‘ d allc 0 polymenze for at least 30 min.

The gel solution was

Prior to adding the éta ' | ved and the surface of the
resolving gel was rinsed ‘ i v 5 ] gel was then made as shown
below with a final acr j Joncer : 9in . This was poured on top of
the resolving gel and t el to allow well formation; the

stacking gel was allowed

TEMED (ul)

“°%AWTJH’JWHV]‘§3W8’1TI‘§
Vo.umm:@ﬁﬂmmﬁm:ﬁ 11312

and heated for 10-15 min at 70 °C 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 ul 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 °C until use:

3

3.3.5 Western immunoblotting

The blocked membganeswas inc‘}Jbated with primary antibody solution at the
desired dilution in 1%SMP 6r 5%/BSA in TBS/Tween overnight on a roller at 4 “C. After
overnight incubation, the membrane_i was W‘éthed three times with TBS/Tween for 10 min
each. The membrane was incubéted wiL{]‘_ f;orseradish peroxidase (HRP)-conjugated
secondary antibody at the approp?iajte diluti:_a'r;j |n TBS/Tween for 1 h at room temperature

o

after which the membrane was uwé_éhed thrf___a_e;;-imes in TBS/Tween as previously and

rinsed once with TBS.

Il

ECL reagent:(l?ierce) was added to the surface of ‘th_e membrane for 1 min and

the excess ECL reagénft 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 solutionirespectively, according
to manufacturer’s instructions.

The antibodies list belowswere~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-B1  (1:10,000) Santa Cruz anti-rabbit (1:5000)

Anti-Smad?2/3 (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 temperaidresior 1 h. The blocked membrane was
washed three times with TBS/Tween for10 min“each and incubated in India HisProbe
solution at a 1:5,000 dilutioain /BS/Tween for 1 h and subsequently processed with
three washes. The membraneswas then‘ildeveloped using ECL detection as described
previously. N
e
3.3.6 Western blot stripping i

After ECL detectiof i lots were tok?rp re-probed. the blot was rinsed with TBST
several times to remove ECL rquéﬁ; ahd Werl;t.hen Incubated in stripping buffer for 30

min at 55-60 °C in a heat-sealed bag. Subsjg_éqg,e_r_]tly, the blot was washed three times

with TBS/Tween for 10 min each and the membrane-was t_)lb(_:ked 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, thefigel was' submerged in_deionizediwater and heated in a
microwave oven on high power foré1 min until the water beganate boil followed by
shaking“on a rocking platformfor, 1.min; the waterswas 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 LU
RNase-free water. An aliquot of each RNA preparation was used to determine total RNA
quality and concentration, measured at 260 nm (OD,,,). Pure RNA possessed an
OD,,,/OD,, ratio of 1.6-1.9. Total RNA (0.25 ug) was reverse-transcribed to cDNA by
Tagman™ Reverse Transcriptase Reagent (Applied Biosystems, Roch Molecular
Biochemical, NJ, USA) using random primers‘using the following cycling conditions:
25°C, 10 min; 48°C, 30 miny95°C, 5 min, The:RNA levels of TGF-B1, Smad3, Smads,
BMP-7, and hypoxanthinesphosphoribosyltransferase (HPRT) were measured using a
ABI PRISM 7700 Sequenge Detectio? 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_"_[-frhé RT-PCR

A
add % ol ol ok

Gene B ~ Sequence

ted =

TGF-B1 | forward:5“GGCTACCATGCCAACCAGECTGGTGTACTCA-3),

revekr‘se: 5’-CCGGGTTGTGTTGGTTGTAGA%’,

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

Smad3 forward: 5-GGGCCTACTGTCCAATGTCA-3’,

reverse: 5-CCCAATGTGICGCCITGTA-8')

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'-AACAAAGTCTGECCTGTATCCAA-3',

probe: 5'-TICACCAGCAAGCTIGCAACCTTAACC-3';

=3

The probes were labelled with 6-carboxy-fluorescein (FAM) at the 5’end, and
with 6-carboxytetramethylredamine (TAI\/I'BA) at the 3’end. FAM serves as the reporter
dye, and TAMRA serves as the guencher dye. All primer pairs were designed to span

across intron-exon boundages in‘order toTtegt for any. genomic DNA contamination of
: )
RNA samples. Each PER wasassembled in 20 LUl volumes consisting of 10 I of

2xQuantiTech Probe mastermix (Qiﬂa_lgen, C'fji?._tyv-cmh, CA, USA), 0.5 I of 20UM forward
primer, 0.5 I of 20LUM reverse ‘primer, 0.2 @f:QO},LM probe and 6.8 LI of RNase-free
water. Following the addition” of 2 J ochNA template, PCR amplification was
performed using an'\iﬁfﬁa%—deﬁaﬁ#aﬁoﬁ—step—at—%ﬁ&fe%m 'Iminutes, then 50 cycles of
heating at 95°C and¥ imediate cooling to 58°C (for Ang;'1’)- or 55 °C (for HPRT) for 60
seconds. Real-time PCR results were automatically recorded by ABI PRISM 7700
Sequence Detegtion System (SDS version 1.6; PE Applied Biosystems) and analyzed by
relative quantification using the comparative Ct method. Ratios for TGF-B/HPRT,
Smad3/HPRT, Smad8/HPRT; and'BMP-7/HPRT mRNAWwere 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.




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 histearchitecture,with distinct cortex, medulla, and
renal papilla (Figure 4.1, A). latergstingly, the degree of tubular dilation and atrophy was
decreased with vitamin Estreatrment in'lany 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): ﬁfom PAS staining, the UUO animals exhibited
significant TA for 10% since day 3, 19% at ':jey 7, and progressed to 45% at day 14 after

UUO compared with the sham contrbl (P<O_.~O'J5) (Figure 4.2). However, the severity of TA
add o

i

was significantly lower in obstructed kidneys}\'/_'viilj_‘) vitamin E treatment, 4% at day 3, 7%

atday 7, and 19% at day 14 compared with th_’gl_a_Cebo treatment (P<0.05) (Figure 4.2).

From Massan-trichrome staining, the collagen de'bosit 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; G and D)-than-the centrok(Rigure, 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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fed- progression of tubular dilatation and

armal histoarchitecture. The
-and atrophy at day 3 (B), day
7 (C), and day 14 (D) after UUO compared Wlth the sham group which was apparently
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Figure 4.3 Treatment withivitamir ; ibite ssion of interstitial fibrosis in UUO

mice. (A) sham-operated @ _ istoarchitecture. The obstructed

demonstrated the a rati i i Me course (F - H) compared
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Fibrosis area (%)

Figure 4.4 The percentage changes of |nterst|t|al f|br03|s in UUO mice.

Significant onffﬁnu U@Jowﬂwﬂ Wﬂ gTﬂ h§< 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 ST00A4 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 shan y rol (Figure 4.5, A). In contrast, reducing of
S100A4 staining was observed in the vi %ent UUO kidneys (Figure 4.5, F -

' | cﬁny time course. Higher quantity

of S100A4 protein during o i ass v o confirmed by using Western blot

H), compared with placeb

vitamin E showed sig jecreasedt S100A ein level in any time course

compared with the place : Jyfe .‘ gure 4.6).

AUEINENINYINg
RINNIUUNIININY
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Figure 4.5 Immunohistoche a éling ¢ V A4 in UUO mice. (A) In sham group,
no S100A4 staining was detected . In obstructed kidney, increasing of
S100A4 staining was seen on cefls in area that display the outline of
lymphocytes and :__———‘— -------------- .;‘ idneys compared with the
sham at day 3 (B), a ’ ot/er decreasing of S100A4

expression was observed‘.ln UUO mice with |tam|n E treatment at day 3 (F), day 7 (G),

o oy 14 ﬂ%ﬁ@%ﬁtﬂﬁwmﬂi
q RN TUURITINYIA Y
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S100A4 protein in any time course
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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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4.3 Vitamin E treatment attenuated increased TGF-B1 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-1 in the obstructed kidneys at day
3, day 7 and day 14 after UUO were observed. By immunohistochemistry, TGF-31
revealed no labeling in sham kidneys (Figure 4.7, A), whereas the recognition of TGF-B1
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 y/) Quantity assessment by Western blot
analysis demonstrated prog: ive i @1 protein level in the obstructed

Qm contrast, UUO mice treated
sed T s;ining during the time course of

obstruction (Figure 4.7, E iti B1 protein level revealed significantly

kidneys compared with t

with vitamin E was associat

decreased in the vitami ent ; 0 \ ys, compared with placebo

treated group in any
TGF-B1 mRNA upregu _de nst il ourse of obstructed kidneys.
However, treatment with +_’ i came significantly lower TGF-f1

mRNA expression compare ibfovﬁf plac "'o' eatment (P<0.05) (Figure 4.9).

AU INENINYINS
AMIAN TN INGINY
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Figure 4.7 Immunohistochen in UUO mice. (A) In sham group,
no TGF-B1 staining was deteCt : [ eys. In obstructed kidney, advance
increased TGF-B1 s "ni g a within the fibrosing obstructed
kidneys compared _:'gr;f """""""""""""""" :',i- day 14 (D). However,
decreased of TGF-1 res 0 n UUO Fﬂ e with vitamin E treatment at

day 3 (F), day 7 (G and ﬁa 14 (H compari’wnh placebo treatment groups.

ﬂUEJ’JVIEJVI‘ﬁWEﬂﬂ?
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TGF-B1 protein in any time course
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Figure 4.8 Western blot analysis for TGF-B1 protein expression in UUO mice. TGF-f31
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-B1. *P < 0.05 vs sham group; P < 0.05 vs UUO with

placebo treatment group.
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TGF-B1 mRNA in any time course
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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-B/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 UU@-miee-on protein and-mRNA expression in TGF-B/pro-fibrosis
Smad2/3 signaling pathway..€ompatible with the immunohistochemistry, Western blot
analysis demonstrated the significantlﬁ increased Smad2/3 protein levels in the
obstructed kidneys with placehbo /treatment compared with sham kidneys (P<0.05)
(Figure 4.11). In contrast AUUO r._nicé wﬁ'h vitamin E treatment showed significantly
inhibited the increasingsof the Smad?2/3 p‘;otein (P<0.05) (Figure 4.11) compared with
the placebo treated UUO mice. Li-lfe_a:a mirréﬁ,:_yipregulation of Smad3 mRNA expression

was significantly changed /in any-time CoUr'_'s-Q}during obstructive process (P<0.05)

(Figure 4.12). On the other hand; treatmgﬁﬁ.’wm vitamin E in UUO mice showed

significantly suppressé‘_d the upregulation of Smad3 mRN_A'; expression, compared with

placebo treated UUO"‘F;]ice (P<0.05) (Figure 4.12). 4
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Figure 4.10 Immunohistochemi ‘J_I n, \ UO mice. (A) In sham group,
|dn

.ﬂ

no Smad2/3 staining was d ,ff.,g‘,.sr,_ obstructed kidney, advance

increasing of Smad2/3 sta n%e clei of TEC and some of interstitial

inflammatory cells within the '”pﬂtqg ?!ti;l‘ kidneys compared with the sham
control at day 3 (B, ~day-{(C),and-day-14 (D) _However, decreasing of Smad2/3

A X

expression was observe re J! ment at day 3 (F), day 7 (G),
!

and day 14 (H) compared Wlth placebo treatment groups.
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Smad 2/3 protein in any time course
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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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Smad3 mRNA in any time course
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Figure 4.12 Real time lﬂPCR—f Sma SSiET]I in UUO mice. Smad3 mRNA

expression showed markgcﬂ& progressive uggagulation in UUO mice on day 3, day 7,

and day 14 coﬂaélﬂj ﬂ@éﬂoﬁﬂﬁ ‘ivWiE}’a’?fﬁ@'a’ﬂcanuy downregulation

in the all vitamin'E treated groups compared with placebo treatment group. *P < 0.05 vs
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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). 1l ' the author examined the effects of vitamin E
treatment in UUO mice on protein and NA expression in BMP-7. From Western blot
analysis, the author dem he ggnifmreased BMP-7 protein levels in
the obstructed kidneys wi , ar;d with sham kidneys (P<0.05)
(Figure 4.14). In contras v A vitarmir treatment showed significantly
delayed the declining of (e ¥ igure 4.14) compared with the
placebo treated UUO 7 P-7 mRNA expression was
significantly changed i ive process (P<0.05) (Figure
4.15). In contrast, treatm howed significantly maintained

the downregulation of BMP- ared with placebo treatment UUO

mice (P<0.05) (Figure 4.15). .
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Figure 4.13 Immunohiste€hemical labeling. - (A) In sham-operated
control kidneys, BMP-7

BMP-7 was decreased in gytoplasr ’,\. ly in dilated and atrophic tubules

of the UUO kidneys compare wi {he sham atda (B), day 7 (C), and day 14 (D). (E)
o

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

ik
a—n ” =

contrast, staining of BMP Fin | ithgvitamin E treatment at day 3

(F), day 7 (G), and day" nent groups.

]
AU INENTNEINS
RINNIUUNIININY



54

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

Vitamin

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
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Figure 4.15 Reaﬂlulrzj;ﬁ m&njj’mﬂsﬂn @O mice. BMP-7 mRNA

showed significantly downregulatioi in UUO mice on day 3, day 7, and day 14
oy T SN WA AILEI D B e
mice shgwed 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.



56
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

Stad1/5/8 protein, (P<0.05) (Figure 4.16)
ﬂwermore, downregulation of Smad8
ge@ime course during obstructive

process (P<0.05) (Figure 4. , ther han: tment with vitamin E in UUO

significantly delayed the declining

mice showed significantly v " ‘  ¢ eg f Smad8 mRNA expression,

compared with placebo tre igure 4.17).

o
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Smad 1/5/8 protein in any time course
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Figure 4c.‘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
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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.



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 UUQO is the‘development of TA/IF in the progression
of renal diseases (54). Importantly, a Ia"r’ge proportion of the interstitial fibroblasts are
known to be originated fromethe TEC through the process of EMT in the progression to
the renal fibrosis. Many siadies in vivo arlkd vitro demonstrated that TGF-B1 is the most
powerful cytokine which induced EMT (74 75). In contrast, BMP-7 has the opposite
interaction and counteractiwith TGE- 81 td support TEC function and architecture (16,
83). Even though, any specmo_.th_eraples__.‘-}h:c)t inhibit the progression of CKD are
unavailable from any revisions. E(;gmoting“;{rggeneration and inhibiting EMT of TEC
should be the best therapeuti'éicﬁptions WFHC-W potentially retard renal fibrosis. The
present study, the author provided evidence fha‘t. anti- mflammatory capacity of vitamin E

was able to suppresg JGE-B1 _expression_unlike—1o nreserve BMP-7 level in the

obstructed kidneys. These results demonstrated that the reno—protectlve effect of vitamin
E could slow the progréssion of TA/IF in UUO mice. Sufopress EMT by vitamin E was
demonstrated by, deceasing of S100A4dthatrepresent mesenchymal phenotypic change
of TEC. Ameliorate fibrosis by blockade EMT could be mediated by attenuation of the
TGF-Bi~induced pro-fibrosis==Smad2/3) but »maintainy BMR=7 snduced 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-f1/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_ihe_inierstitium area of obstructed kidney that may be
derived from EMT and suchrcells may produce ECM deposition. S100A4 has been the
characteristic of an early fibroblast markerin.development of renal fibrosis and has been
labeled in some TEC (66, 105) indicate Cé;” motility and invasive capacity during EMT.
These findings suggested that during-the pi@cess of chronic kidney injury, TEC could be
transdifferentiated into interstitial fi-brbblasts-_gétfse progression of renal fibrosis.

o

5.2 Upregulation of TGF-f1 arn_d‘ Smad2/3 Q(T_grégsion in UUO kidneys associated with
EMT - "

In present study the author used the UUO model ln mice to induce TA/IF that
develop progression of;_renal fibrosis. The author demonstrated that UUO induced an
increase of TGF-B1 proteinzand gene expression in the obstructed kidney as shown in
the interstitial area by, immunohistochemistry-staining.| Because dGF-B is known to be a
major cytokine that regulate EMT, sothe increasing.of TGF-1 in the ebstructed kidneys
could Be involved fin the loss of (the! epithelial phenotype and thetachievement of the
mesenchymal phenotype. TGF-B 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- 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-fiorosis 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-f3. The expressions of Smad2 and
Smad3 protein have been shown major in nucleus and some cytoplasm of TEC. These
mean that stimulation by TGF-B through transmembrane TGF-B receptor at TEC surface
leading to phosphorylation and activation of endogenous Smad?2 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-B induced pro-fibrosis
Smad?2/3 expression in UUO could be the major factor induce EMT. These data support
the notion that TGF-/Smad signaling is regulated by the many dynamic processes in
TEC during EMT.

5.3 Downregulation of BMP-Z"and Smad1/5/8 expression in UUO kidneys associated
with EMT \

During kidney“devglopment, BMF-):Z' play the important role to promote MET
induce nephron formation.s In adglition, ﬁM_P—7 was demonstrated to maintain the
epithelial phenotype of TEC (58). In preseﬁ’; étudy, obstructed kidney turn to decrease
BMP-7 protein in TEC by immunoﬁis—tocherﬁiéir; staining and was confirmed by western
blot analysis. Moreover, BMP=7 g‘enle“expreé;:ié@yvas downregulation in any time course
during UUO. These results cgﬁl_d reduce thl,_?_-p!rp‘tective mechanism of TEC by losing

BMP-7 and TEC change to be the mesenchymal cell consequently. Furthermore, the
author demonstrated: thatisimiad1/5/8 protein and Srﬁad8 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 signalsicould promoté 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-B 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 .efiectively reduced TA/IF in UUO mice.
Moreover, treatment with.vitamin E can reduce.the S100A4 protein and mRNA
expression meaning slow thesdevelopment of mesenchymal phenotype of TECs. In
addition, treatment with vitamingE €an Su@press the upregulation of TGF-B1 during time
course of UUO similarto many'siudies dllJLring acute and chronic inflammation (19, 22).
These evidences confirmedithe ad\_/anTageTOfl\_/itamin E treatment can inhibit the process
of TGF-B induced EMT Infcontrast; tree‘:tr_nent with vitamin E can preserve BMP-7

il g

leading to ameliorate EMT. Furthémﬁore, th-é';priesent study provided the evidence that
add v ol

vitamin E can suppress pro—fib_'_r,(;)sis of TGE—.‘[&ﬂ,}induced Smad2/3 and maintain anti-

fibrosis of BMP-7 induced Smad 1/5/8 signal__s,Tjr,j mice UUO also. These effects could be

the benefit of vitamin-‘E treatment to protect the kidney frc_)'h],,chronic injury by modifies

the notion of TGF—B"'a"ﬁ_d BMP-7/Smad signaling like a concert that regulated TEC by

many dynamic processes during EMT. -



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-B1/Smad2/3 but inhibition of anti-fiorotic BMP-7/Smad1/5/8 signaling
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STANDARD BUFFERS AND REAGENTS

Tris-buffered saline (1xTBS)

Tris Base 24.7 mM
NaCl 137 mM
KCI 2.7 mM

pH was adjusted to 7.4 at room temperature with HCI

Phosphate-buffered saline (1xPBS A Tm
NaCl &

KCI

Na,HPO,
KH,PO,

BCA microtitre protein
Solution A

Solution B % sodium tartrate, 0.4% NaOH,

CO., pH 11.25 (adjust pH with NaOH

SolutionC~ ~ _
7
Standard denaturing L@nmli PAGE buffel m
Resolving gel buffer. 1.5 M Jris-Cl, pH 8.8, 0.4% SDS

syl ) 9] WS WA T

30% Acaqam|de/B|s -acrylamide mix (37.5: 1

TRAGIAFIUN ’3 NYNQ Y

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

2 mM EDTA, 400 mM DTT, 4% PB-
mercaptoethanol and 0.01% bromophenol blue

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



Blotting buffers

1xTowbin’s transfer buffer

Tris Base 24 mM
Glycine 192 mM
Methanol 20%

1xBolt and Mahoney’s transfer buffer

Tris base
Na O,CH,C,H.O
EDTA, free acid
SDS

Methanol

TBS/Tween

Stripping buffer
Tris pH 7.0
SDS .

B-mercaptoetha

-
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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
Coomassie G250

Absolute ethanol -

30 ml Orthophosphori >d to 750 ml distilled water with stirring, and then

g to dissolve all components.

water, finally 200 ml absalute ol (6r fheth , \ ded.

80 g ammonium sulphate w o‘/ 1w

This solution was adde me into 800 ml with distilled

Lysis buffers

Tissue cell line lysis buffer
Tris-HCI, pH 74
NaCl oI

Triton-X i
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