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Aldosterone is the major miners

ncorticoid hormone which plays an important

studies have demonstrated that aldosi€sae” gould enhance protein levels of
phosphorylated epidermal Browih- actq GFR), and extracellular signal-
regulated kinases 1/2 (pkk / ia fion athway. One of inter-mediators

involved is phosphorylale ki .: 2. of Src (pc-Src). However, there
- jf/ / ‘\ N

is no in vivo study of thgs nd h pressions of pEGFR-pERK1/2-
pe-Sre signaling medi@forsd u ongénom in rat kidney.

Male Wistar gafs eceived eithe saline solution (NSS) or
aldosterone by intraperitgfieal igjection far 30 minute . For aldosterone group, the rats
were further divided info (o 'ﬁf ‘ -+_- aldesterone (LA: 150 pg/kg BW) or

1 ¥ 7 U 'r = i 1
high dose aldosterone | @/gﬂ _ a]:urhdancc and localization of
renal pEGFR, pERKI/2, & d ~pe- were srmined by Western blot and
immunohistochemistry, respectively =

After 30 mmute ;}i : ijection,, plasma aldosterone levels were
markedly increased i | ps (p=0.001). Aldosterone enhanced
renal pEGFR and péR ote inl ) but did not change in
pe-Src protein level. g augmented pEG brotein ma'hssi:}n in the inner stripe of

outer medulla and in the j dnner medulla n:gmns while HA stimulated the expression in

both cortex l m:fygﬂﬁﬂn tein expression in all
studied “%m creased by aldosterone
stri

with the redi on of staining fgom the lumipal membrane inythe LA group to be

wmmﬂﬁm%tmmﬂm %::1:1f$

medulla area.

These data first demonstrated that aldosterone, via nongenomic pathway, could
elevate pEGFR and pERK1/2 protein abundances and expressions in rat kidney.
Aldosterone seems not to influence the total renal pc-Src protein abundance
meanwhile the protein localization was obviously modulated.
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CHAPTER 1

INTRODUCTION

BACKGROUND AND RATIONALE

Aldosterone is the major physiologic of mineralocorticoid hormone which

Renal effects of alfloglerone | fm to a genomic mechanism
which the binding of its intgce en the hormone-receptor complex is
transferred to the nucleus w _:_.-‘:}:_ _- re iptional regulator (Rozansky,
2006). Besides g . :
extensively imresti (Grossr

with a rapid onset (secofidssto a few minutes |nsensltivi towards inhibitors of

e UL DA TTET T e
”““ﬁmﬁ?ﬂﬂmﬁmmﬂaﬂ

After aldosterone administration, the rapid alteration in intracellular

doSteTone T ' 'enomic action has been

e, 200G _mThis action is characterized

concentration of various ions is likely obvious (Good. 2007; Thomas et al., 2008). For
example, aldosterone rapidly increased cytosolic Na' in Madin-Darby canine kidney
(MDCK) cells within 2 minutes (Gekle et al.,, 1998). Furthermore, the effect of
aldosterone on intracellular pH has been described recently. In the outer medullary

collecting duct microdissected from normal mice, an exposure to aldosterone for 15



minutes increased H' extrusion from the acid-load type of an intercalated cell (Winter
et al., 2004). Moreover, Watts et al. (2006) have demonstrated that aldosterone
decreased HCOjy reabsorption in the segment of medullary thick ascending limb
within 15 minutes. In addition, Harvey and Higgins (2000) have shown that
aldosterone produced a rapid, transient increase in intracellular calcium level in
mouse cortical collecting duct cell within 2 minutes.

These nongenomic acti , wlg have been extensively identified in

capable of transactivati mul f signaling molecules, such as

ERK1/2 are the membg l/ e \\s\\ m,_kinase (MAP kinase) which

participate in signal & \ vth factor hormones such as
epidermal growth factog G

extracellular signal-regiifated. Q\\ Grossmann and Gekle, 2009).

£.,2009). After EGF binding, the

receptor of EGF (EGFR FR) and the consequences of

phosphorylation in signaling e ensued (Grossmann and Gekle.

2007; Grossmann and Gek d Wehling, 2003a). Then, the

[

phosphorylated formg. . effector, were rapidly

induced (Zeng et al. EO‘)] It has demonstrated that AKHE could activate various

protein molecpmﬂqiﬁﬁ mw(frﬂ) t al., 2001; Shi et al.,

2002).

YR N TN I Bl
mimic Ihc actions as EGF performed. These included increases in cytosolic calcium
levels, pERK1/2, through EGFR phosphorylation. Furthermore, aldosterone could
induce potentiation effect of EGF signaling in Chinese hamster ovary (CHO) cells

transfected with human EGFR (Krug et al., 2002).



The upstream-signal that aldosterone transactivated EGFR has been clarified
(Boldyreff and Wehling, 2003b). The initiation of the signaling pathway seems to be
the interaction of the steroid hormone receptors with signaling molecules, such as
cytosolic tyrosine kinase of Src or ¢-Src (Grossmann and Gekle, 2008). c-Src is a
member of membrane-associated non-receptor tyrosine kinases (Roskoski, 2004). Src

tyrosine kinases have multiple biological functions, including the role in EGFR

phosphorylation (Sandilands an Sato et al., 1995). In mouse cortical

collecting duct (M-1) wpidly increase both activity and
autophosphorylation o ) Moreover, in CHO cells,

aldosterone could e of pEGFR, pERKI1/2, and

J(pe YK \\ . This study also showed that
g ]$

an inhibition of c-Src kighse the r  of aldosterone in enhancing of

phosphorylated form of

l ‘%;: ddc -- ¢ stimulates the EGFR-ERK1/2
M

F

pEGFR. The authors

-

At present, ng in_vi 5 stidy has d ed whether aldosterone alters the

» PGFR transactivation.

|

protein expressionsiof o qdediators in a nongenomic

pathway in rat kidne}ﬂur not. Therefore, the present@ud}r aims to investigate this

regards. After ﬁlu E;ﬁeﬁuﬁ ﬁasgwﬁfﬁ'eﬂ:sjmc protein abundances

of pEGFR, pEﬁKlH, and pe-Sre in rat kidncawcre measur@ by Western blot

s bl o WE rolo Ve examine b

immunohistochemical method.



RESEARCH QUESTIONS

1. Which areas in rat kidney do pEGFR, pERKI1/2, and pc-Src proteins
localize or distribute after 30-minute injection of aldosterone or normal
saline solution (NSS)?

2. Afiter 30-minute injection, does aldosterone change any localization or

distribution of pE i‘ IRK 1/2, and pe-Sre proteins in rat kidney as

3. After 30-minife IRicckon, da w alter protein abundances of
N
PEGFRpEREI 2 A k\“ﬁﬁ""‘ kidney as compared with NSS

o

realeargro
4. After 30-minu jose of aldosterone have more

influene pUEGER, ERKA/2. and pe-Src protein abundances in rat

RESEARCH OBJEQ
\Z

1. To clumdaﬂme
ﬁrjmwvr%’w 1)

ANTR ] AR o s

protein expressions of pEGFR—pERK1/2—pe-Sre signaling mediators

that pEGFR, pERK1/2, and pe-Src

in rat kidney, or not.
3. To examine the localization and distribution of pEGFR, pERK1/2, and pc-

Src proteins in rat kidney after 30-minute injection of aldosterone as

compared with NSS treated group.



4. To quantify the protein abundances of pEGFR, pERK1/2, and pc-Src in rat
kidney after 30-minute injection of aldosterone as compared with NSS
treated group.

5. To compare the protein abundances of pEGFR, pERK1/2, and pc-Src in rat
kidney after 30-minute injection of a low dose to a high dose of

aldosterone.

HYPOTHESIS

In nongenomic pathiv: . ~,:f-‘-!i::. the protein expressions of

pEGFR, pERKI/2, and dose of aldosterone could
elevate more protein lg and.pc-Src as compared with the

low dose.

KEY WORDS

aldosterone | )
\7

o B B 46
PRI T T
phosphorylated cytosolic tyrosine kinase (pc-Src)

rat kidney



EXPECTED BENEFIT AND APPLICATION
The results will provide:
1. The first animal study data demonstrating the protein expressions of
pEGFR, pERK1/2, and pc-Src in rat kidney after 30-minute
aldosterone administration.

. Further clarification of nnngcnnmic actions of aldosterone in rat kidney.

3. The fundamental k Q ” //J er studies in other nongenomic or

genomic "-'---‘ '- dosteionesin regulation of targeted proteins,

ﬂumwﬂmwmn'ﬁ
’Qﬁﬁﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ



CHAPTER 11

THEORY AND LITERATURE REVIEW

ALDOSTERONE
Biosynthesis

Aldosterone is a steroid hormone produced by zona glomerulosa cells of the

adrenal cortex (Connell and ' & erol is converted to aldosterone by
a series of locus- and ' spe tﬁ&mon which are located in

: i \ e A). The daily amount of
secreted aldosterone i \ i human or 1.2-2.4 pg in rat

u0 specific aldosterone carrier protein

bound. The normal total plasma

.\._ |

aldosterone level in ad 38.5-554 pmol/L. (Riordan and

Malan, 1982) or 400-2, gucz-Ayala et al., 2006; Hilfenhaus,

1976).

The half-lifeust {Ganong, 2005). Aldosterone

is catabolized princi ucuronide derivative, and its

e F A B oo e

urine in Ii:c orm. Another 5% js in form of ld-lahllc mnj . and up to 40%

sin Pl mammummma d

Aldnstemne has a number of important actions on the kidneys. With regard to

in the liver into the teh’ahydm

the regulation of the extracellular volume, aldosterone acts to reduce NaCl excretion
by stimulating its reabsorption by the thick ascending limb of Henle's loop, distal
convoluted tubule, connecting tubule, and collecting duct. Furthermore, aldosterone

also induces potassium and hydrogen secretion by the distal nephron. particularly



segments of collecting duct (Hamm, 2004). The pivotal regulators of aldosterone
synthesis and secretion are angiotensin II, the concentration of plasma potassium and

adrenocorticotropin releasing hormone (Connell and Davies, 2005).

e AN N TNYAS
ARV NI T T

Figure A: Biosynthesis of aldosterone (Connell and Davies, 2005)



Mechanism of actions

Steroid hormones modulate many physiological processes. The effects of
steroid that are mediated by the modulation of gene expression are known to occur
with a time lag of hours or even days (Losel and Wehling, 2007). Research that has
been carried out mainly in the past decade has identified other responses to steroids

that are much more rapid and take place in seconds or minutes. These responses

follow nongenomic pathways, and th (Losel and Wehling, 2007).
According to the Glasaieally geg o, aldosterone enters the cell by

passive diffusion brane and bindS to mineralocorticoid receptor

=-MR complex translocates to

his aldosterone
\\\\\ n of proteins that modulate the

expression and activity gf chéang ; \ \ port proteins (Good, 2007). The
j . b\rluus changes in target cell

activity, and the whole Pathfes s semSifiVe to particular inhibitors, such as

X

0

_ RGBT NN
Ntu URIINYNAY

—lwm\

\
—_— a.m Figure B: Genomic pathway of

aldosterone (Good, 2007)
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In contrast, the rapid effects of aldosterone are referred to as nongenomic
actions. A nongenomic action is defined as any action that neither directly nor initially
influences gene expression, as does the classical action (Losel and Wehling, 2007).
The responses take place in seconds to minutes and are independent on transcription
and translation (Losel and Wehling, 2003; Funder, 2005; Losel and Wehling, 2007).

The nongenomic action often involves the generation of intracellular secondary

messengers and various signal es (Figure C) such as protein kinase

pathways. These actions ensively investigated, mostly in

cell culture studies (Fufié t al., 2003). The mammalian

kidney is one of the si o \-;\ (Gesualdo, et al. 1996). The
actions of EGF have begfl rc - ' ‘ i latid -\ erular hemodynamics, renal
metabolism, and tub \\h\\ ssmann et al., 2004; Harris et
al., 1988; Harris et al., 1989) : \

[(adady ‘ -J"'

—
XA /M

« T i)

LA ﬂ:t:cum* PG St o ﬁ ﬂ
1.

LY s-.-:.z.a-s.%ﬁ‘m;.gh,,» 33.':-.1. St
AU TR AERIE

ammmw;pwmaa

Mitogen Acthivated

Protein Kinase _ 5 —

Figure C: Nongenomic pathway of aldosterone (Losel and Wehling, 2007)



Nongenomic actions of aldosterone in cell culture studies

The rapid response of changing in intracellular concentration of various ions is
likely obvious (Good, 2007). Gekle et al. (1998) showed that MDCK cells exhibiting
properties of collecting duct intercalated cells responded to aldosterone stimulation.
Aldosterone induced a nongenomic increase in cytosolic sodium levels within 2
minutes. This was also accompanied by a significant increase in cell volume with a

@ in cytosolic sodium concentration
o ; Sach :

H' extrusion within 15 minutes

similar time course com

(Gekle et al., 1998). More

Recently, Watts gt UG) sh erone could decrease HCOy'
‘ cgment of medullary thick
ascending limb. Furthgfmofe * ; ils aldosiegone also produced a rapid,
54 and Higgins, 2000). This
pironolactone (mineralocorticoid

ion inhibitor) (Booth et al., 2002).

] B

receptor blocker) orz
Several studies | nduced the rapid nongenomic
actions through meﬂrane—amciated raceptor of ﬁidermai growth factor as

epidermal gruﬁ ﬁ!ﬂ(!ﬁw ﬂ?k]e 2008; Jorissen et

al., 2003).

’QW?&NﬂiﬂJ UANINYA Y

Ep:dermﬂf growth factor (EGF)
EGF is a single polypeptide consisting of 53 amino acid residues, of
which six are cysteine (Figure D). These cysteines form three intramolecular disulfide
bonds that are important for maintaining the biological activity of EGF (Wong and

Guillaud, 2004). It is synthesized as a precursor consisting of 1217 amino acid
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residues, from which the mature form may be generated by proteolysis. The EGF
precursor is a glycosylated transmembrane protein with an apparent molecular weight
of 140-150 kDa (Wong and Guillaud, 2004). The mature EGF binds to the EGF
receptor (EGFR) on the cell surface and stimulates the intrinsic protein-tyrosine

kinase activity of the receptor (Wong and Guillaud, 2004).

The e fe -“".“-- growth factor receptor
proteins that share similarities in structure and ﬁ.mctinnﬂingh and Harris, 2005). It is

st o6 41 I i o 20 aae

cleavage of theqk»tenninal sequenge, the matuge 1186-residuegprotein, a 170-kDa
glywpgqemim f.LiﬂJn umlanmj:ﬂﬁn&l) It consists of
the N-terminal extracellular domain (ECD), a single transmembrane domain, and an
intracellular domain consisting of a juxtamembrane sub-domain, intracellular protein
tyrosine kinase (PTK)sub-domain, and non-catalytic C-terminal regulatory region
(Figure E). The glycosylated ECD is made up of four smaller domains of which two

(sub-domain I and III, altenatively called L1 and L2, respectively)are homologous
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Leu-rich domains consisting of f}-helix folds and the remaining two are Cys-rich
(Sub-domain Il and IV, or S1 and $2) which are the ligand binding site (Singh and
Harris, 2005; Bazley and Gullick, 2005). The short transmembrane domain is
typically rich hydrophobic amino acids and is flanked on the intracellular side by a
juxtamembrane region that has a regulatory role in receptor downregulation (Singh

and Harris, 2005; Bazley and Gullick. 2005). It is predominantly localized to the

|

(Gesualdo et al, 1996). The EGFR

éick ascending limb-of Henle's

l.n he glomerulus, as well as in

basolateral cell surface in various ¢ -{‘
. "'\“-.

protein expression was deteeted main
loop and the distal m(

peritubular capillaries - m in normal human kidney

(Gesualdo et al, 1996).

P D — |,
2 | FHII‘H&T“!@‘

runsmembrane

ﬂutl’m o 19

am&ﬁﬁﬁﬁ dnendy

Nites
Y1172

(S aisl]]

Figure E: Epidermal growth factor receptor (EGFR) (Bazley and Gullick, 2005)
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After ligand binding, EGFR will be dimerized, protein kinase of each
receptor monomer then phosphorylates a distinct set of tyrosine residues in cytosolic
domain of its dimer, partner, a process termed autophosphorylation occurs in two
stages (Karp, 2002). First, tyrosine residues in the phosphorylation lip near catalytic
site are phosphorylated. This leads to a conformational change that facilitates binding

of ATP. The receptor kinase activity then phosphorylates other sites in cytosolic

domain. The resulting phosphot 65 Ry docking sites for other proteins
ﬂu'ansduction (Figure F). EGFR
plays an influential rol€"in_eellfr tiation and ion transport in
mammalian cells (Karp. \\\\7 Finally, the mitogen activated

protein kinase (MAPK) / ted N hosphorylated a down stream

mediator, such as extracgllu \\.\\\ | and 2 (ERK1/2) (Singh and

Harris, 2005).

Inac tive
ITIOnNorme

'r L] L] L}
¥ -
Antive dimers

RTINTAPHGEN Y10 Y

Trans autophos
phorylation

Figure F: Binding of EGF to EGFR (Karp, 2002)
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Extracellular signal-regulated kinases | and 2 (ERK1/2)

ERK1/2, a member of the mitogen-activated protein kinase (MAPK)
family, could be activated by growth factors (Nishimoto and Nishida, 2006). These
proteins are 43 and 4] kDa that are nearly 85% identical overall, with much greater
identity in the core regions involved in binding substrates (Pearson et al., 2001; Tian
et al., 2000). Like other protein kinases, the N-terminal domain is composed largely

,y/ and a-helix L16 contributed by a C-

dunmn consists of primarily a-

of p-strands along with two

helices with four short"PSiraadS involved in catalysis
(Chen et al., 2001). The acedoop (1 51 o as the activation loop of a-
helix L16 or phosphafylafios _- U3 ntains the activating site of
phosphorylation. There dfe | - or Sitesytyrosine185 and threonine183,

which are phosporylated f6 ativate, the Kindses (Figire G) to be pERK1/2 (Chen et

pressed which are located both in
b/

\d phosphorylate other protein

cytoplasm and nuci 13

molecules, mhasu-nmpone or cha
e ﬂumwﬂmwmm

els ishimmomm MNishida, 2006; Pearson et

Figure G: Structure of extracellular
signal-regulated kinase 1 and 2
(ERK1/2) (Chen et al., 2001)
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EGF, EGFR, ERK1/2, and aldosterone
Gekle et al. (2002) demonstrated that, in MDCK cells, aldosterone
could mimic the actions as EGF performed. These alterations were increases in
cytosolic calcium levels, induction of extracellular signal regulated kinase 1/2
phosphorylation (pERK1/2), through phosphorylation of EGF receptor (EGFR).

Inhibition of ERK1/2 phosphorylation could reduce the rise in cytosolic calcium

& 2002) investigated the responses of
transfected with human EGFR-1.

ondition (Shi et al., 2000). The

(Gekle et al., 2002). F
aldosterone in Chinese
These CHO cells do
data demonstrated that, tAinules. nanon *\ oncentrations of aldosterone
could potentiate the f for veadung increases EGFR and ERK1/2

phosphorylation (Krug ¢

Signaling mediator molectile involved in U/aldosterone interaction
P
The upstrez uh- “that - ald " d trapsactivate EGFR has been

clarified. EGFR is & & dctivated independently of

ligand binding, throught the phosphorylation of specilmresidues in the cytoplasmic

domain of Mwﬁrﬂﬂﬁ NP Py tion sies. I such

way EGFR can‘be phosphorylated %) Tyr845 byim family l}fms&r}e kinases to bring
s @ SRV e A VML Y00 e s i
kinases are expressed ubiquitously in vertebrate cells. The transactivating effect on
EGFR is mediated by cytosolic tyrosine kinases or c-Src. The c¢-Src kinase could bind

to the cytoplasmic face of the plasma membrane (Figure H).
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N, + EGF

EGFR

of Src (c-Src) (Roskoski, 2005)

c-Src is 60
(Figure I): (a) the Src_i® : ; -, main, can attach with the plasma
membrane, (b) the uniqué rgf: | d.(d) SH2 domains can bind to
other proteins, (e) the pr “an autophosphorylation site at
Tyr416, and (f) the C-ternd ": y region which consists of a negative

regulatory site at Tyr527 (Ifigldy=2008: Re
LRI &

o
i L
A e

SH4 7 SHZ <5 Tyr4t  Tyr 527

Unigue| SH3|| SHZ || Protein Kinase Domain

ﬂﬁﬁl’&ﬂﬂﬂﬁ‘iﬁmn‘i

Structural dommns of c—Sn: (Roskoski, 2{]04}

’QW?&NﬂiﬂJ UANINYAY

c¢-Src is a member of the nonreceptor tyrosine kinases (Ingley, 2008;

Thomas and Brugge, 1997). It is allosteric enzymes with at least two conformational
states that are differentially stabilized by protein-protein interactions and by
phosphorylation-dephosphorylation at two different sites (Figure J). When ¢-Src is in

a catalytically inactive or ‘“closed’ conformation, phosphorylated Tyr527 interacts
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with the SH2 domain, the SH3 domain is engaged to the SH2-kinase linker region,
and Tyr416 in the activation loop of the kinase is unphosphorylated (Roskoski, 2004).
Upon activation, Tyr527 is de-phosphorylated, the constraints upon the kinase domain
are released, autophosphorylation of Tyr416 occurs, and the SH3 and SH2 domain are
then free to recruit other molecules involved in intracellular signaling (Roskoski,

2004). Active ¢-Src can bind to other proteins through a phosphorylation-independent

/—IZ domain (Ingley, 2008; Roskoski,
—

SH3 domain and a phospho

2005).

£ ﬂ' vation of c-Src

Iﬂ (Thomas and rugge 1997@

ﬂ%&lnﬁﬂé’l BB B T s o

expressed in principal cell$’ of cortical eallecting and medullary collecting
mb..,ém ANEATIATEARE. ~ o
protein kinases play key roles in cell stimulation of the epidermal growth factor

receptor (Parsons and Parsons, 1997).
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The interaction of ¢-Sre with EGFR signaling pathway

c-Src appears to communicate with many different receptor protein tyrosine
kinases such as EGFR (Sato et al., 1995). Src is also involved in EGFR signaling.
Overexpression of Src enhances many different EGF responses protein tyrosine
phosphorylation in murine embryo fibroblasts (Wilson and Parsons 1990). The nature

of this interaction and its role in the initial activation is unclear. However, the Tyr845

site of EGFR has also been ith c-Src in vitro study (Sato et al.,

1995). The result showed

Src is overexpressed.

motif at the juxtamembh

lated on tyrosine residue when
/‘ \\\\ -- ion of the Src SH2 binding

1 replese ie location of the Src binding sites on

EGFR (Figure K).

ﬂuﬂqw NINYINT
#Wmmwﬁﬂmﬁzﬁf )

¢-Src and aldosterone

It was demonstrated that, in M-1 cells, Src kinase activity was rapidly
enhanced as early as 2 minutes after administration of aldosterone (Braun et al.,
2004). This was accompanied with an increase in autophosphorylation of Src kinase.

Moreover, an inhibition of c¢-Src kinase could prevent the action of aldosterone in
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CHO cells (Krug et al., 2002; Grossmann et al., 2005) as well as in M-1 cells
(McEneaney et al., 2007).
In cultured rat mesenteric smooth muscle cell, it has shown that ¢-Src

phosphorylation (pc-Src)was rapidly increased as early as 1 and 5 minutes after

administration of aldosterone (Callera et al., 2005b; Montezanoet al., 2008). In

addition, an inhibition of pc-Src coul ish the action of aldosterone (Callera et al.,
2005a). ’/4‘
———

.

|
e
ARt | ] L]

increased renal sodi xgfetion within 45, minutes (Rad et al., 2005). Furthermore,

Winter et al. (2004) showgd thalc@iter O minites' of intraperitoneal injection of

of plasma aldosterone Ieﬁn‘lsnﬂ'lal were enhaat;ad after the injection.

e e Ca—

sterone changes the protein exfiressions of pBGFR, pERK1/2¢ and pe-Sre in rat
iﬂﬂ

e DI AN 2 WAL,

were elucidated in the present study.

MESE. -



CHAPTERIII
MATERIALS AND METHODS

EXPERIMENTAL ANIMALS

The study was approved by the Ethics Committee of Research, Chulalongkorn

University. Male Wistar rats, 240 grams, were obtained from the

National Center of Scienti ‘Ani id 1 University, Salaya, Thailand).
The animals were hous alled (23-25°C) and 12 hours of

controlled light-dark e / '>\\\ ce access 1o a laboratory chow

and water. At the end of#acll ckpefime ’ terminated with an overdose
()

\ N

of thiopental by intraperifonéal {(ip. | Anjegic ."\ \\ remains were climinated by
el

burning in an incinerator, Lt

T

SN LA 2

'
sl

CHEMICALS

m agent
28 HW%gwmwmm (DAB) solution,

protease ml:ub?!o cocktail, Trig base, sodium dodecyly sulfate, and 3-

e AAANAI R UBIANENA the e

was obtained from Jagsonpal Pharmaceuticals Ltd., Haryana, India. Methanol, acetic

acid, absolute ethanol, 95% ethanol, xylene, sodium chloride (NaCl), potassium
chloride (KCI), di-sodium hydrogen phosphate (Na,HPO,), potassium di-hydrogen
phosphate (KH;POy), sodium phosphate monobasic monohydrate (NaH,PO,; H,0),

6% hydrogen peroxide (H>0,), mounting medium, Tween-20, sucrose, and 40%
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formaldehyde were purchased from Merck, NJ, USA. Paraffin powder embedding
medium was purchased from Sigma, USA. Avidin-biotin-peroxidase complex (ABC)
-streptavidin horseradish peroxidase complex was purchased from Vector, CA, USA.
Haematoxylin solution (progressive stain) was purchased from C.V. Laboratory,

Bangkok, Thailand. Prestained protein molecular marker was purchased from New

England Biolabs, MA, USA. Modified Lowry protein assay reagent, SuperSignal®

\ %}1 persulfate, 40% acrylamide/Bis,

0 ne, and CL-XPosure™ Film 5 x

West Pico kit, Laemmli samp
glycine, TEMED, filter

7 inches were purchased¥roig

Antibe

| .:i-. i - dinst pEGFR (Catalog No.

purchased from Cell signaling, M '=‘E . hl monoclonal antibody against pc-Src

#2236) rabbit monoclofia {Cam]ug No. #4370) were

(Catalog No. AT-7135)was p '- *""""“ MBLY International Corporation, MA,

=S

USA. Normal hotse day anti-mouse IgG (H+L)

(Catalog No. BA-92 tlj il .]’ IgG (H+L) (Catalog No.

BA-1000) secondary anp ies were pl.n‘(@sed from Vector, USA. B-actin mouse

monocloal .ml mw&mmmm from Santa ez, CA,

(H+L) horseradish peroxidase conjugate (Catalog No. 170-6516) were purchased from

Bio-Rad, CA, USA.
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EXPERIMENTAL PROCEDURE

After three days of keeping to familiar with the new housing, the rats were
weighed and collected blood samples from tail for measuring creatinine (Cr) in order
to assess kidney function (<1 mg%) (Seujange et al., 2008). The rats were divided

into three groups (n = 8 / group) as follows.

Group 1 (Sham): The animals : / {normal saline solution (NSS)

Wz
(0.5 ml/kg BWrby-intrape ‘ta&on (ip).
Group 2 (Low doseﬂ’-' \
150 pg/ke // NSS \r al.. 2004) (Sigma, USA).
Group 3 (High dost aldst, / b _- \ 3 e received aldosterone
2 W\

500 pg/kg BWV: ip

ere received aldosterone

All groups were recéivey _{f | ' reatment for 30 minutes.

Surgical Operution ./
I~ R )
One rnh nimels were placed in metabolic

/. - i

cages for Mnty—fﬂur urine cullnctm n the experimental date, after 30-min

mcion o v umm&wmmmmw (100 ek
BW; lh W 001) and the
WY 01O HL i
abdominal aorta, and was centrifuged at 1,000 g for 15 minutes at 4°C (H-103N,
Kokusan, Tokyo, Japan). Plasma was stored at -80 °C until used for measurement of
aldosterone level using a commercial radioimmunoassay kit (Aldo-Riact; CIS Bio

International, Gif-Sur-Yvette, France). The radioactivity bound was detected by a

gamma scintillation counter (1470 WIZARD Automatic Gamma counters,
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PerkinElmer, CT, USA). Blood chemistry was measured for blood urea nitrogen, Cr,
electrolytes (ion selection electrode) by indirect method (Model CX3, Beckman,
Krefeld, Germany).

The kidneys were removed, fixed in liquid nitrogen and then stored at
-80 °C until used for measurement of pEGFR, pERKI1/2, and pc-Src protein

abundance by Western blot analysis. Additional renal tissue samples were fixed in

10% paraformaldehyde overnigh ”.l;,r i jo tissue processing (dehydration,

clearing, and infiltration) h,___' ali @ (Shandon Citadel 2000,

Thermo, PA, USA), n(‘ infy \‘4:: ization of these proteins by

- ﬂuﬂmrﬂw%‘ﬂmni
mmmmtu i o

Kidneys: Western Bloiting
(protein abundance)

: Immunohistochemistry
(localization & distribution)

[For pEGFR, pERK1/2, and pe-Src proteins]
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DETERMINATION OF PROTEIN CONCENTRATION BY LOWRY
METHOD

Protein Extraction

Each frozen right kidneys was homogenized on ice with a homogenizer

(T25 Basic, IKA, Selangor, Malaysia) in homogenizing buffer [20 mM Tris-HCI; pH

7.5, 2 mM MgCl,, 0.2 M sucrpsé ) protease inhibitor cocktail; Sigma,
USA]. The homogenates & = g (Biofuge PrimoR, Heracus,

Germany) for 20 min

collected and total protein

\\Y\
- | it (Pierce, USA) (Seujange

concentration was meas

et al., 2008).
Protein Assay

Principal: For mans ‘s method was the most widely used
and cited procedure for proteis-guantita owry et al., 1951). The procedure

involves the -*'f"' - --!?--'f'-"""‘"""'"‘“""' ';I in an alkaline solutions,

resoluting in formau@ of te mlem@omplexes When the Folin-

Ciocalteu m ﬂm 1ﬁh rtlnn to these chelated
copper mm ucing ble se b!ue color can be

R TN AT e

Preparation of bovine serum albumin (BSA) standards

Five standard dilutions in duplicate (0, 50, 100, 200, and 500

pgmL) were preferred by dissolving the stock standard BSA solution (2 mgmlL) as

indicated in Table A. Pipette double distilled deionized water 180, 450, 250, 250, and
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200 pL into tube No.1-5, respectively. Then pipette BSA stock (2 mgmlL) 60 pL into

tube No.l and 50 pL into tube No.2, mixed each tube thoroughly. Then, pipette 250
uL of solution from tube No.2 into tube No.3 and mixed well. Finally, pipette 250 pL
of solution from tube No.3 into tube No.4, then mixed each tube thoroughly. There

will be sufficient volume of each diluted standard for two replications.

Table A: Preparation of BSA s

Tube Number | BSA (gl 1 BSA (et PW (uL) | Total volume (uL)

: s “hxh ‘ 240
2 L / | N A 520
d '3

A Iliﬁ d*\\\ s

T\ [ -

Note: DDW = Double distifled deiénizd 4

SRR 11:"‘

Eﬂ!pﬂr! 1. N) n]in-Ciocﬂu reagent by diluting the
il X G TN YT T o o e

unstable, prepar@lonly as much 1X Izplm-Cmcalleu reagent as wﬂl be used in one day.

e @ GG T LIFA I b oo

prutuco]
Procedure of Quantitate Total Protein

1. Pipette 0.1 mL of each standard and unknown sample replicate into

an approximately labeled test tube.
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2. At 15-second intervals, add 0.5 mL Modified Lowry Reagent to
each test tube. Mix well and incubate each tube at room

temperature for exactly 10 minutes.

3. Exactly at the end of each tube's 10 minutes incubation period, add
50 uL of prepared 1X Folin-Ciocalteu reagent, immediately vortex

intain the 15-second interval between tubes

emperature for 30 minutes.

Jinm, zero the instrument by a

\\\\ bsequently, measure the

bsorbance values of the blank
50 nm absorbance values of all other

0

e MR ENEA O, vesreavmar
IR TN NNAINYAE

Principal: Immuno-blotting is a widely used and powerful technique for the
detection and identification of protein using antibodies. The process involves the
separation of sample proteins by polyacrylamide gel electrophoresis (PAGE) followed
by transferring of the separated protein from the gel onto a thin support membrane.

The membrane binds and immobilizes the proteins in the same pattern as in the
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original gel. The membrane (or “blot™) is then exposed to a solution containing
antibodies that recognize and bind to the specific protein of interest. The antibodies
bound to the membrane are detected by any of a variety of techniques, usually

involving treatment with a secondary antibody.

Separation of Protein by Sodium Dodecyl Sulfate-Polyacrylamide

Gel Electrophoresis (SDS-
Jél Ais€damethod for qualitative analysis of a
protein mixture is SDS-F iy @em of Laemmli (1970). With
this method, it is possib and the relative molecular

weight of an unknown _igblate __‘ or proteins 1 :$s, proteins migrate in
response to an electrical fi Dug ' he gel matrix and separate based on
‘Boiling at 100 'C, 5 minutes in
the presence of anioniclleiffigentiaiE lcrcapbMarol (2-ME). The 2-ME is a

disulfide reducing agent, and *disulfides holding together the tertiary

structure of the proteip. 1ic SDS det d4strongly to the protein thus
Y

disrupting its secondany struefure, resulting in a linear

polypeptides chain cnafted with ncgatlw:ly charged SDS molecules. The binding

s o ﬂwwmwamw p—_—

residues. Under is condition, the polypeptide chains are unfoldgand assumed a rod-

ke sl dank Ikt oMb e L LELL LB o o e
Then proteins move through a polyacrylamide gel matrix toward the anode. The
polyacrylamide gel is cast as a separating gel topped by a stacking gel and secured in
an electrophoresis apparatus. Separation is determined by size and therefore when
compared to standards of known molecular weight, the relative molecular mass can be

estimated. Purity is determined by the presence of a band associated with the desired



29

protein and the absence of bands associated with contaminating proteins. The SDS gel
is comprised of a main separating gel and a stacking gel. The proteins, which have
been mixed with a loading buffer, contaminating on ionizable tracking dye
bromophenol blue, are loaded into wells formed in the stacking gel. A current is
passed through the gels and the proteins migrate through the stacking gel and are

concentrated into a solid band at the separating gel. When the proteins enter into the

separating gel, the negatively | SDS complexes migrate toward the
ither is the same based on their
uniform negative charge" Scpari@o, therefare '- as a result of the molecular
sieving properties of the gél. he Jar, & pro the more its mobility is retarded
by the frictional resistang®offtl #1 el olecule the further its mobility
in the gel. The bromoph ‘ ; : elarded in the gel due to its small
size relative to proteing ' monitor the progress of the
electrophoresis. The ¢ the tracking dye has migrated to
bottom of the gel. The exj

follow: WV X' )

sa

armegd by the sequential steps as

) iy

Assembly of apparatus

ﬂﬂﬁ?ﬂﬂﬂﬁﬂﬂ?ﬂ

The reagents in prepanng the gelgould be removed from

o D ] OB A B v

of the gr:l Meanwhile, the sandwich plates were set up for casting the gel. A sandwich
consists of two rectangular glass plates: the outer is 10.1 cm (width) x 8.3 cm (height)
and the inner is 10.1 cm (width) x 7.3 cm (height) separated by spacer of 0.75 mm
thickness (Mini-Protein® 3 cell, Bio-Rad, USA). In order to prepare flawless gel, one

containing has no air bubble or debnis, the glass plates must be perfectly cleaned and
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dry with absolute ethanol. The casting clamps were used to mount the outer and inner

glass plates facing together.

Preparation of slab gel

For separating gel, 10% or 12% acrylamide was carefully filled

into the space of sandwich plates from bottom to top with no air bubbles. The height

of the gel was adjusted by the ce pproXumately 1 cm below the bottom edge. The
top layer was filled with 1.m n.- : disti V&EI was allowed to polymerize at

ithe water was drained off and

excess liquid was removed paper. The selected comb

(number of wells, thic gently inserted, then 4%
acrylamide solution was jille als ? I g the stacking gel. It should be
made sure that no air buhbles :!";; Ad the teeth of comb, as they will impede
the migration and separatiol of the prote e gel was allowed to polymerize for

one hour at room temperatun

"v

n?

mﬂmmi ;Ihe ua] ——
protein from ﬂ Hn ple amount of total protein

RTINS A NYNA Y

: Elecrophoresis

After polymerization was complete, the comb was gently
removed. The wells were filled with running buffer (Appendix). The gel was mounted
in the electrophoresis apparatus and the upper buffer chamber was filled with running

buffer. Remove any air bubbles trapped at the bottom of the wells. This will disrupt
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the electrical circuit and an uneven electrophoresis. Each protein sample was loaded
into the bottom of each well. The molecular weight markers (New England Biolabs,
USA) were also loaded. Then, the running buffer was poured into the lower chamber.
The electrophoresis apparatus was attached to an electric power supply (PowerPac™
HC, Bio-Rad, USA) and turned on at 125 volt. Small bubbles should start to be
produced and rise off the electrode wire at the bottom of the lower chamber. If no

#/t problem. The gel was run until the

l}r was turned off. Then, the gel

bubbles appear then there is
dye front reaches the bo

from the glass plate was nsfer buffer.

A s-Blot®, Bio-Rad, USA) and
two sheets of absorbent filig % ‘et into the same size of the gel. The
membrane, filter papers, af ed in the transfer buffer for 10
minutes. The transfer cassettewas s d'bylying the black side down, then plate
a support pad, filter s ind support pad. Lock and put

the complete uansferglssctw nto the transfer tank mntaining transfer buffer by

A 1:16)]1) 10 U
SRR B A E)

Blocking

The membrane was incubated in blocking solution (5% non fat
dry milk in Tris buffer solution (TBS-T) (TBS + 0.1% Tween) for 3 hours at room
temperature will gentle rotation on a platform rocker (Stuart Orbital Shaker SO3,

Manchester, UK). This process will reduce the background of non-specific binding
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site with irrelevant protein. After blocking, the membrane was washed for 5 minutes

three times by TBS-T washing buffer.

Detection of bound antibody

The dilution of primary antibody was prepared in 5% non fat

dry milk with TBS-T (1:1,000 for pEGFR and for B-actin), and in 3% bovine serum

albumin with TBS-T (1:1,000 for pe-Sre/andi 1:2.000 for pERK 1/2). The membrane,
in a clean plastic box, _tive primary antibody overnight
at 4 C on a platform imary antibody solution was
discarded. The membrane asfyaighed with 30 BS-T for 10 minutes three

times. The secondary antibod Faldrymt]k TBS-T. The goat

anti mouse 1gG conjuga -I ' iluﬁun was used for pEGFR

and B-actin. The goat ant HRP antibody at 1:5,000 dilution

was used for pERK1/2 & was incubated in the secondary

antibody for 1 hour at room tempeiaturs o form rocker. After that, the blotting

-

membrane was we hed With18: or 1 "; es on a platform rocker.

Finally, it was ith W0 ﬁm@m a platform rocker.
¢ a

wmew nq
AR N‘ﬂ'ﬁﬂ!‘ﬁ‘ﬁ‘]”ﬁ“ﬂ“ﬂ"’l‘ﬂ’ﬂ‘“ e e

detection’ reagent (SuperSignal® West Pico kit, Pierce, USA) was prepared by mixing
equal parts of the stable peroxide solution and the luminal/enhancer solution, and then
overlay the reagent directly on the membrane surface carrying the protein. After
incubation one minute at room temperature, the excess reagent was drained off, and
wrapped by a piece of saran wrap. It is necessary to work quickly once the membrane

has been exposed to the detection solution. In a dark room, the membrane was placed,
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protein side up, in a X-ray film cassette. The lights were turned off and a sheet
autoradiography film (CL-XPosure™ Film 5 x 7 inches, Pierce, USA) was carefully
placed on the top of the membrane, then the cassette was closed and exposed for a
certain period, eg. 1 minute (this depends on the amount of target protein on the
membrane). The film was developed by X-ray film processor {Dptimax‘ 2010, 1GP,

Essex, UK) and scanned the intensity by using high resolution scanner (Image class

MPC 190, Cannon H12260, weia). Each intensity band was quantified

by Scion image Release & utes of Health, MD, USA). The

intensity ratio of each

TO EXAMINE THE 14 ZAXIONAND DISTRIBUTION OF STUDIED

PROTEINS
Principal: Immunolistgehi: '1 : ) i8' a method for demonstrating the
presence and location of preféins i ion. It enables the observation of

ﬁf interest in the tissue
zﬂ‘ 1ng either chromogenic
PRI SY A VO
pmducel colored precipitate at the location of the protein, and can be visualized

using microscopy.
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Immunohistochemistry
Paraffin-embedded kidney sections were cut at 4-um thickness in a
serial section of three for examination of pEGFR, pERKI1/2, and pc-Src proteins,
respectively. Tissue sections were mounted on 3-aminopropyltriethyloxy-saline-
coated slides (Sigma, USA). The slides were deparaffinized in xylene and alcohol,

with endogenous peroxidase activity being quenched in 3% hydrogen peroxide for 10

minutes. The non-specific bindi y was blocked by incubating tissue

sections with 5% norma A) in phosphate buffer solution
mperature. Then, the section
was incubated in monoclanfil afubiof  dgains IM}{C:I] signaling, USA),
AW 2, (1:400) (MBL® International

Corporation, USA) (dil b A% n 1orse serum) for over one hour at room

The sectionf wigre< the on B 3 % 10 minutes with PBS-T and

= .-l"'l #f—f ﬁ.-

incubated with biotinylatec it immunoglobulin (Vector, USA)

diluted 1:400 in PB }" “Tor 60 minutes a dfure. After incubation, tissue

sections were rmsadzmlﬂ minutes with P Tandlbm 1 x 10 minutes in PBS. The

e o L YT Tt e o

(Vector, USA) for 60 minutes at moo;n lempemture The sections werr: then rinsed 2 x

0wk SH PGB R Y 2 e i

were macwd for peroxidative activity in 3, 3’-diaminobenzidine (DAB) solution

(Sigma, USA,) for 10 minutes. Then, the sections were washed 2 x 5 minutes with

distilled water, counterstained with haematoxylin (CV Laboratories, Thailand) and

coverslipped with permount.
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Areas of staining were identified and semi-quantitative scored by three
pathologists in a blinded manner. The intensity of staining was scored from 0 to 4 (0 =

no staining, 1 = trace; 2 = weak, 3 = moderate, 4 = strong) (Fujigaki et. al, 2007).

CALCULATION FOR ASSESSMENT OF RENAL FUNCTION

Creatinine clearance (Cg,) = Uer x V

STATISTICAL ANA

The results were anstical differences of protein

alysis of variance (one-way

levels among groups [
ANOVA) with post hoc gon |l e appropriate. A probability
value (p-value) of less th e statistically significant. The
intensity scores of renal pie EX .‘: pEGFR, pERK1/2, and pc-Src were

presented in descriptive s of central tendency (Mode). The

statistical calculatioh ¥4 S ¥ihtistical package SPSS for
Window 16. B 1

ﬂ‘lJEl’J‘VIEWIﬁWEI'm‘i
Q“M&Nﬂ‘ifu NN Y



CHAPTERIV
RESULTS

Metabolic and renal function parameters in Sham, LA, and HA groups

As illustrated in Table 1, 30-min administration of aldosterone significantly

increased plasma aldosterone levels fram' 128 1,95 + 13.83 pmol/L in the sham rats to
be 6,521.78 + 209.92 pmoldl il grot 001) and to be 9,809.62 + 251.49
e ——
pmol/L in the HA gro a 1.5 time higher of plasma
aldosterone level when comp .Dﬂl}.
No significant chingés fig" plasma’ sodiom. ‘potassium, chloride, creatinine,
blood urea nitrogen, cregfinige > flow rate were observed among

all studied groups.

Effect of aldoste LY
\Z

e in Sham, LA, and HA

groups e
!
The pEGFR pgem abundance was illustrated :

1. After BH-mlﬁ%Mawsﬂuﬂ ?qu.ﬁ:@ renal pEGFR protein

ahundanccﬁ'ﬂm 00 % in the shamy'rat to be 226,24 + 9.95% imythe LA group, and

35696 2 sH4 o bl Nieblhot ookl G s

level dose dependently (p<0.001).

175 kDa as shown in Figure



Table 1: Metabolic parameter and renal function pi of : and HA rats

37

Parameters Groups

LA

HA

Plasma aldosterone (pmol/L)

Plasma Na™ (mmol/L) N\ 140.62 + 1.06

Plasma K" (mmol/L) 3.43+0.32

Plasma CI" (mmol/L) 112.50+2.13

Plasma creatinine (mg%) 0.23 +0.02
Blood urea nitrogen (mg%) X 19.36 +2.34

Creatinine clearance (mL.min"'.100g BW') il 0.99 + 0.08 L 1.05+0.09

Urine flow rate (x10” mL/min) ﬂ qurJ wgmhiw Ejf] ﬂ]?HJ 10

6.521.78 + 209. 92°

9,809.62 +251.49™"
140.75 + 1.66
3.51+0.53
112,12+ 1.12
0.22 +0.01
19.32+3.22
1.10+0.14

1.22 +0.11

Data are expressed as M@ﬂﬁ mm WW@WB ‘m El

LA = low dose aldosterone, HA = high dose aldosterone

LE
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(% of control)

pEGFR/B-actin protein levels

pEGFR

43

W) AINEIINT TBIA DL T goue. o o et s

Figure 1: Western blot analysis of rcna@{.
separated by SDS-PAGE, tran

erred to nitrocellulpse and subjected to immunoblot analysis. The monoclonal antibody
to pEGFR was usem m% ratips-qf (EI( to f-actin intensity, and the
representative imm !m ; mt: scit m indépendent experiments.

*p<0.001 vs. Sham, 'p20.001 vs. LA

f-actin

8¢
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Effect of aldosterone on renal pEGFR protein localization in Sham, LA, and HA
groups

The localization of renal pEGFR protein expression was detected by
immunohistochemistry as shown in Figures 2 and 3. In the cortex (Figure 2), the staining
was observed mainly in the glomerulus as the score was 1 in the sham group (Figure 2a,

Table 2). Low dose aldosterone had no effect on the protein expression (Figure 2b). The

outer medulla (Figures 3a-f £-1). In the outer stripe of outer

medulla (Figures 3a-c), miand the LA groups (Figures 3a,

» \ er medulla (Figures 3d-f), the

b) whereas the HA rats she in the thick ascending limb

of Henle's loop (Figure 3g)

staining areas were observed as. LA markedly increased the

-

intensity score from 1 in the shar are 3e) whereas the intensity was

progressively enhanced f). In addition, the trace
3J0f Henle’s loops caused by
aldosterone administratiulEF igun: 3e, 1). m

‘““‘“'“““FTTTH“B“?‘IE“W‘WW frgn o ves e

The intensity was 3in the sham ammaés (Figure 3g] Aldosterone dramallca]l}' elevated

o sy SR R A D B bt v

some of thm limb of Henle's loops (Figure 3h, i).

intensity was noted in S0t



Figure 2: Representative immunohistochemical staining of renal pEGFR protein expression in cortex (original magnification: 200X).
(a): Sham; (b): LA; (c): HA. G: glomerulus, PCT: proximal convoluted tubule, DT: distal tubule

or
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Table 2: The intensity scores of renal pEGFR, pERK1/2 ;‘_"'__" i s foiff expressions in Sham, LA, and HA rats (Mode, n = 8/group)

—
7 L\\*@t{c\ |
./ 7//E X3S po-se
Medulla , ! @ ?\Q\\\R il ——
N 7 ter med \\,
Gionge | Cortei QOuter medulla flex ﬁ : \‘\k - Ciostes Outer medulla -
:uu;; ;tn'pe “\1 medulla :;i‘; :;1“; medulla
(08) (IS) (0S) (18)
Sham 1 0 1 1 1 2 3
LA 1 0 3 2 1 2 3
HA | 2 | 1 s [V ol 4 to| 2 1
R i

84
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Figure 3: Representative inﬂnunnhistochmnical staining of renal pEGFR protein expression in outer medulla (outer stripe, OS)
(original magnification: 200X). (a): Sham; (b): LA; (¢): HA. TAL: thick ascending limb, CD: collecting duct

42
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| O i ;ui'n ™ ¥ " I- U

Figure 3 (cont.): Repmenmti%e immunochistochemical staining of renal pEGFR protein expression in outer medulla (inner stripe, 15)
(original magnification: 200X). (d): Sham: (e): LA: (f): HA. T: thin limb, V: vasa recta

34
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Figure 3 (cont.): Reﬂ‘esenlalive immunohistochemical staining of renal pEGFR protein expression in inner medulla
(original magnification: 200X). (g): Sham: (h): LA; (i): HA.
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Effect of aldosterone on renal pERK1/2 protein abundance in Sham, LA, and
HA groups

The pERK1/2 protein abundances were illustrated at 44 and 42 kDa as shown
in Figure 4. After 30-min of injection, aldosterone significantly enhanced renal
pERK1/2 protein abundance from 100 % in the sham rat to be 303.28 + 20.61/ 384.00

+ 14.87% in the LA group (p<0.001) and to be 245.82 + 23.52/ 331.72 + 8.09% in the

HA groups (p<0.001). The expressio ‘ protein levels in the LA rats were

\\\‘\f calization in Sham, LA, and

The localizationdof frefie ‘ ’\
-; \}\

Effect of aldosterone ¢

HA groups

expression was detected by

immunohistochemistry agsh d & In the cortex (Figure 5), the

staining was observed mainly/in the” glon s and some peritubular capillaries as

the score was 2 in the sham group: howe as po staining in the proximal
convoluted tubules ‘:f v i ntensity scores to be 3 in
the LA group (Figure E) and to be 4 in the HA rats (Flﬂ? 5¢). More intense staining

e o BT P RIYT SN BT

In the médulla (Figure 6), thg protein exprﬂsmn was locallzed separately into
o o A e 3 WAL o) e o s
of outer madulla (Figures 6a-c), the staining in the sham rats was noted in the thick
ascending limb and collecting ducts with the score 2, whereas there was still no
staining in proximal tubules (Figure 6a). In the LA group, aldosterone markedly
enhanced the expression in the collecting duct with the score 4 and a diffused staining

in cytosolic area of some proximal tubules (Figure 6b). However, in the HA rats, the
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intensity was increased to be only 3 with a trace staining in the proximal tubules
(Figure 6¢). In the inner stripe of outer medulla (Figures 6d-f), the sham group
showed diffused staining in the thick ascending limb of Henle's loops and vascular
areas whereas the collecting ducts demonstrated the greater extent with the score 2
(Figure 6d). LA markedly increased the intensity score to be 4 in the collecting ducts

with some trace intensity in vasa recta areas and thick ascending limbs (Figure 6e). In

In the inner meUIE GEtFs Op-iNBE-SLARTE arcas were still noted in the
vasa recta, thin limb of H eling duets with the score 2 in the sham
group (Figure 6g). In th ithe intensity to be 3 that was
prominent in the thin ligh ¢ greater extent of nuclear staining
(Figure 6h). In the HA an =dly enhanced in the collecting

ducts and vasa recta with the sciFe4-(Figi

X
U

AULINENINYINS
PMIANTUAMINYAE



47

an

v 400 . . aa gl .. g BB - - ccrrarcei s,
& — |
= 300

L]

3 £

e =

= 3 200 -

.§ t*c-

P2

‘g*’-—' 100 g

2 .

Mr (kDa)
e s P — . ) &
p ;= - -
V.
B-actin m : - | - 4 B 43

Figure 4: Western blot analysis of re ug ]le ﬂnﬂj MM?H& Protein from renal tissues were

separated by SDS- PAGE erred to mu'nce[lul‘psf: and subjected to lmmunnblut analysis. The monoclonal antibody

to pERK1/2 was used-Histogram-bars she 1/2 to B-actin intensity, and the
representative immuri@blatip graphs a W dent experiments.

*p<0.001 vs. Sham, p%%l vs. HA

Ly



(a): Sham; (b): LA: (¢): HA . C: peritubular capillary

48

8



Figure 6: Representative immunohistochemical staining of renal pERK 1/2 protein expression in outer medulla (outer stripe, OS)
(original magnification: 200X). (a): Sham; (b): LA: (¢): HA. PT: proximal tubule

49
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Figure 6 (cont.): chresematﬂe immunohistochemical s‘taiﬁin‘g of renal pERK 1/2 protein éxpn:ssiun in outer medulla (inner stripe, IS)
(original magnification: 200X). (d): Sham: (e): LA; (f): HA.

50
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Figure 6 (cont.): Repfesentative immunohistochemical staining of renal pERK 1/2 protein expression in inner medulla
(original magnification: 200X). (g): Sham: (h): LA; (i): HA.
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Effect of aldosterone on renal pc-Src protein abundance in Sham, LA, and HA

groups
The pe-Src protein abundance was illustrated at 60 kDa as shown in Figure 7.

After 30-min of injection, aldosterone had no effect on renal pe-Src protein

abundance in all groups. The expressions were 100 % in the sham rat, 105.01 + 8.91%

WJQ% in the HA group (p = 0.26, NS).

Effect of aldosterone o -Sr¢ protein localization in Sham, LA, and HA

groups \\
The localizais ession was  detected by

immunohistochemi H' S \\\ the cortex (Figure 8), the trace

staining was observed”in ghe Jn eTulus ‘\\\ sembrane of distal tubules, and

o] = up: however there is no staining in

in the LA group (p = 0.39, NS),

collecting ducts as the score

proximal convoluted tubules ( 1: 3a), Aldesicrone increased the intensity score to
be 2 in the LA gmlp with more ob '.;::'—'1.:..:;'..;;.;;:_ e luminal membrane of
\Z )

proximal convolutedh - the aA rats, the intensity was

dramatically increased in'the glomerulus asghe score was 4 (Figure 8c). Of interest, in

oo mﬁgummmmmn Qs il s
s A i il By ey e

1§ the medulla (Figure 9), the protein expression was localized separately into
the outer medulla (Figures 9a-f), and inner medulla (Figure 9g-i). In the outer stripe of
outer medulla (Figures 9a-c), the staining in the sham rats was noted in luminal
membrane of thick ascending limb of Henle's loop and collecting duct with the score
I (Figure 9a). Aldosterone did not change the intensity scores in both LA and HA

groups (Figures 9b, c). Indeed, aldosterone induced some trace expression in the
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peritubular capillaries (Figures 9b, ¢). In the inner stripe of outer medulla (Figures 9d-
f), the sham and LA groups showed the most staining in the vasa recta areas with the
score 2 (Figures 9d, e) and some trace staining in the thick and thin limb of Henle's
loops. In the HA animals, the staining was appeared as observed in the sham and LA
groups with more diffused staining in tubular areas including collecting duct (Figure
9f).

In the inner medulla -i,"-.i‘ur _ staining was noted more in the vasa
recta but less in the tubuldmareasiihin i ”&Im e colloxhing duct) with
th 3 (Figure 9g) A ditah '

e score 3 (Figure 9g S
staining was noted in

the intensity was fall to €'

%
_;I

AULINENINYINS
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pc-Src/B-actin protein levels
(% of control)
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pe-Sre

f-actin
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Figure 7: Western blot analysis of ren ucaﬂgnnm ?‘Sﬁnﬂ ’]uﬂ ; Protein from renal tissues were separated

by SDS-PAGE, transferred to fitrocellulose and sybjected to i

unnb!ot ama];g.r The polyclonal antibody to pe-Sre

was used. Histogr ﬂmﬂmﬂ m!r mtcns:ty, and the representative
immunoblot photo '"I ﬁ) 03) ents.
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| magnification: 400X).

i rt:x{ungma

in expression in co

| staining of renal pe-Sre prote

1cal

.

Representative immunbhistochem

(a): Sham; (b): LA; (¢): HA.

Figure 8



Figure 9: Representative m111‘unn istochemical staining of renal pe-Src protein expression in outer medulla (outer stripe, OS)
(original magnification: 200X). (a): Sham; (b): LA; (c): HA.
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Figure 9 (cont.): Representafive immunohistochemical ‘stainil"lg of renal pe-Src protein cxpressi{:-n in outer medulla (inner stripe, 1S)
(original magnification :200X). (d): Sham; (e): LA; (f): HA.
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Figure 9 (cont.): Rein:sentativc immunohistochemical staining of renal pc-Src protein expression in inner medulla
(original magnification: 200X). (g): Sham; (h): LA; (i): HA.
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CHAPTER V
DISCUSSION AND CONCLUSION

Besides its classical actions mediated via the traditional genomic signaling
pathway, new interests in the nongenomic actions of aldosterone have arouse

(Grossmann and Gekle, 2009). It has been first proposed that aldosterone is capable

of interacting in a non-genomi¢ fashi &)e mitogen-activated protein kinase
M,

(MAPK) signaling pathwa¥tMasicgold MAPK, a family of ubiquitous

Ser/Thr kinases, plays ANl fo q,hl_}‘ signal transduction cascades

including those activatig eceptor (EGFR) in the kidney

(Grossmann and Gekle, Tian et al., 2000; Yoon and
Seger, 2006). One of dop@nsifeam sighal mple is pathway is the extracellular

signal-regu]aledkinasel g@@ -..\

The results in the p sefd st Stady havi
LT, DXL -
of aldosterone e “ﬁ"‘ R and pER! ahundances and expressions in

1onstrated that a nongenomic pathway

rat kidney. This 15 ‘J ¢ that aldosterone could

transactivate EGFR sphurylauun and then mcrﬂ-: the downstream signal,

pERK1/2, xuﬁ:ﬂWWtﬁﬁ}lﬂﬁmﬁmeﬂ previously in

cell-cultured cxglmauuns

L ASOHU RN YA N Bt
phnsphm}'lanon in kidney cell culture, such as human renal proximal tubular
epithelial cells (Xu et al., 2008), MDCK cells (Gekle et al., 2001; Gekle et al., 2002),
M-1 cells (Markos et al., 2005; McEneaney et al., 2010; Rossol-Haseroth et al., 2004),
mesangial cells (Han et al., 2009; Huang et al., 2009; Nishiyama et al., 2005), and

renal fibroblast (Nagai et al., 2005). This aldosterone induced pERK1/2 activation
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was mediated by EGFR transactivation (Gekle et al., 2002; Grossmann et al., 2005;
Krug et al., 2002; McEneaney et al.,, 2007). Evidences from pharmacological
experiments have shown that various inhibitors of the EGFR tyrosine kinase,
tyrphostin AG1478 or ¢56, were able to prevent rapid aldosterone-induced ERK1/2
phosphorylation (Gekle et al., 2002; Grossmann et al., 2005; Krug et al., 2002;

McEneaney et al., 2007). Moreover, an increase in Tyr845 or Tyrl086

! wl a short incubation with aldosterone

(Grossmann et al., 2005; ---1.7_ I . This rapid activation of the

phosphorylation of the EGFR »
ERK1/2 cascade whic isepleteded b “‘E' Osphorylation is in line with
previous studies. Inhibitj MFK adiv \ 98059 or U0126 could abolish
ERK1/2 phosphorylatios EEEN N \ ann et al., 2005; Krug et al.,
2002; Markos et al., 2005; Nagai of'a ’ \~ Haseroth et al., 2004). This
confirms that aldosterong . RK1/2 cascade involves the
EGFR transactivation.
Interestingly ane could increase pEGFR
protein abundance “*— -:i‘r is similar to the previous
study (Huang et al., ZmJ}. However, the downstream ﬂnal, pERK1/2, protein level

ik oo 94 BT YRy e 4 O of

explanations on this phenomenon is *he negative fwdback loop ui‘ MEK/ERK cascade
a5 VG 4 T ) bt o
MEK]IE at Thr292 (Eblen et al., 2004) and Thr212 (Sundberg-Smith et al.. 2005). and
then reduced activation of ERK. Therefore, the negative feedback pathway to prevent
the over phosphorylation of ERK1/2 in the present study is likely to be appeared.

From Western blot analysis, the present data demonstrate the total protein

abundances of pEGFR and pERK /2, which were increased by the nongenomic action
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of aldosterone, meanwhile whether these enhanced proteins are localized or
distributed in renal tissue homogenously. Moreover, these protein expressions could
be altered by aldosterone. or not. The present results, from immunohistochemistry,
first clearly illustrate that both phosphorylated proteins were not expressed in the
similar pattern or the same intensity degree either sham or aldosterone groups (Table

2; Fig. 3 and 5). For pEGFR, the sham rats showed not much expression (score 0-2) in

y ed in the glomeruli, loop of Henle,
: Aéimreas&d the expression dose

4"_“ able 2; Fig. 3). However, as

both cortex and medulla. The
vasa recta, but not in p
dependently with the
compared to pEGFR, on was presented in a higher
intensity (score 2) witgftt %\ g ‘arées, Such as peritubular capillary,
- Jly enhanced the expression in
| as induced the expression in
proximal tubule (Fig. 5). Of intéfest: the 1A ad less pERK 1/2 protein expression

(score 3) in the outeg. medullil Thaf those in the.LA group (score 4). This

¢ dcedback loop of MEK/ERK
cascade is exist in the yesem, in vivo, study. m

el 218) PN FHEPY e

nongenomic efféct of aldosterone, 1hv: exprcss:on of both pEGFR and pERKI1/2

m&manﬂmqum&m Tt present data

dr:munsu-atc that the expression of pERKI1/2 was greater than those of pEGFR,

could be the evidendc b

especially in the cortex and outer stripe of outer medulla. This may explain by the
ERK pathway regulation (Ramos, 2008). There are multiple signals which can
activate the core RaffMEK/ERK signaling module. For example, the phosphorylation

of Raf at various sites by kinases, such as protein kinase C (PKC), was demonstrated
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(Wellbrock et al., 2004; Wetzker and BShmer, 2003). Once activated, Raf
phosphorylates and activates MEK, then subsequently enhances ERK1/2. It has been
shown that aldosterone could rapidly activate PKC in several cell lines and then
elevate ERK1/2 phosphorylation (Christ et al., 1995; Harvey and Higgins, 2000;
Mihailidou et al., 2004). Further study in rat kidney related to PKC/Raf/ERK

interaction is required to elucidate this mechanism pathway.

It has long been kno

mineralocorticoid recepto bwhich f:@ transcnpnnn factor for genomic
pathway (Odermatt 1. 'one of the most controversial

questions about the non i Al \\\\\* GFR phosphorylation is the

N

omic effect of aldosterone on

classically binds to the cytoplasmic

requirement of MR for 8}
Several reports

WA ¥
activating EGFR-ERK1/28ph. -.~--;;;.= SO0 18 \1 :ndent. This evidence has been

clarified by various investigatidfis-Aldoste induced ERK 1/2 phosphorylation was
"'.H".u:‘x 4
abolished by pretreatmer N ch as.-spironolactone, RU38486,

eplerenone, RU2834% al) 2005; Han et al., 2009;

McEneaney et al., 200@ McEneaney et al., 2010; Nagai‘et al., 2005).

s 55 b e g s i

ERK1/2 cascad® One of candidate‘medmturs the cytosolic tymsme kinase (c-Src),
s B e s s
Src as Lhe link between aldosterone-bound MR and ERK1/2 often with EGFR as
intermediate (Braun et al., 2004; Callera et al., 2005a; Callera et al., 2005b;
Grossmann et al., 2005: Krug et al., 2002; McEneaney et al., 2007). Aldosterone
rapidly enhanced pc-Src protein abundance and activated EGFR-ERK1/2 signaling

cascade (Braun et al., 2004; Callera et al., 2005a; Grossmann et al., 2005; Krug et al.,
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2002; McEneaney et al., 2007). The increase in EGFR-ERK1/2 phosphorylation
mediated by aldosterone/c-Src¢ induction was inhibited by the c¢-Src inhibitor, PP2
(Callera et al., 2005a; Grossmann et al., 2005; Krug et al., 2002; McEneaney et al.,
2007).

Surprisingly, the present, in vive, results show that aldosterone, per se, did not

lead to an increase in total pe-Src protein abundance but could modulate this protein

Aldosterone could ind weipicssion with the prominent staining at the luminal

=

i

ssterone level, in HA rats, could
redistribute this expresgibn f0 g the - solateral \membrane (Fig. 8¢). The precise
mechanism to explain thiS fifsyreport i£8ull u \\ However, these exclusive data

\ asterone/c-Src interaction in the
nongenomic pathway plays m.ﬂ'ﬁm:." on the proximal tubular functions.

This notion is now i tablished. Fa Peggher et al. (2009) recently

have demonstrated i _-"li"»: t increase in HCOy

reabsorption in Iu.minn perfused proximal tubules. Pﬁhmnurc, aldosterone could

st N ] R A i v

segment of rat &citc-[)cllmra et al.,‘lﬂﬂﬂ}, and f:-lnehvaic Ca®* inﬂq‘::' into the proximal
QT ARIR T HHALIE LA o 20

I: addition, via nongenomic action, aldosterone could inhibit Na'/H"
exchanger isoform 3 activity and decrease HCO; reabsorption in renal medullary
thick ascending limb (Good et al., 2002; Good et al., 2006; Watts et al., 2006), but
enhance Ca™ reabsorption in distal tubule through L- and T- type Ca’" channels

(Leclerc et al., 2004). Nongenomic actions of aldosterone in the renal tubule as well
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as aldosterone-induced cation transport in the distal nephron have been reviewed
(Good, 2007; Thomas et al., 2008).

Indeed, it has been shown that ¢-Src tyrosine kinase could regulate renal outer
medullary K' channel location in the cortical collecting duct (Lin et al., 2004),
activate the K'/CI" cotransporter in the hippocampal neurons (Kelsch et al., 2001),
modulate K' channels in Chinese hamster ovary cells (Gamper et al., 2003), but

inhibit the epithelial Na' ¢ cells (Gilmore et al., 2001). Thus,

the further in vive study i to jllust "aldosterone/c-Src interaction on
——

cation/anion transports T Vare al t +
C ; nomic actions through MR-

i contes, LA
L

independent. Aldosterogging */!if-:'* 5\(“\‘ orylation was unaffected by
the MR antagonists, spifogblgtione : - i%\\\\
t u\. i

—

Markos et al.. 2005; Rossol-

Haseroth et al., 2004). alle _;' P \
aldosterone are currently the niforiopics ¢ \

LM
Hecr mnelue

of EGFR transactivation by
ransduction research and recently
several interesting findir itive oxygen species (ROS)and
angiotensin I (AN t.-qibf__-—_ X

Oxidative sl.r!;E is known to activate WK@{CGhb, 1999). Dong et al.

1KLL LA

EGFR activatiofin pig renal pmxu?al tubular eplthcllal cells. Reccntly, Huang et al.
ool PRTE DT TataT VY o P RO,
EGFR phosphﬂrylaum in human mesangial cells. The mechanism for elevation of
ROS in this regard is explained via the rapid activation of nicotinamide adenine
dinucleotide phosphate (NADPH)oxidase. Aldosterone could stimulate ROS
production through activation of NADPH oxidase in human mesangial cells (Huang et

al., 2009), ventricular cardiomyocytes (Rude et al., 2005), and vascular smooth
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muscle cells (Callera et al., 2005a). Furthermore, inhibition of NADPH oxidase by
apocynin, an NADPH oxidase inhibitor, abolished aldosterone-induced ERKI1/2
phosphorylation (Rude et al., 2005).

For ANG II, it seems increasingly evident demonstrated the existence of cross-
talk between ANG II and aldosterone which could potentially modulate ANG 11 signal

transduction (Lemarié et al., 2008). These interactions between ANG Il and

aldosterone stimulate other s pathways in which are distinct from

mariCet-at, 2008). It has been shown that

// \\\

1 receptor (ATR) in reg /

ANG 11 dose-dependent! ation through ANG II subtype
n et al., 2006), and enhanced

resen et al., 2003). Moreover,
\\ \.
A\

)\

been thought to act as a ménorferEAplin 2009). Recent evidence has revealed

pERK1/2 in preglomer
aldosterone could augmy of ERK1/2 in mesenteric
ndeed, AT|R has traditionally

vascular smooth muscle

that aldosterone rapidly. dncreased the | of AT|R dimer in mesenteric
arterioles and causegdA ( 108). Taken together, these
indicate that aldosmnne could mduce EGFR- EKIE transactivation via

ATANAOPGIE ) ‘V‘I‘EI P PP oy o i

to elucidate this¥hteraction.

FEARINIAATI B,
nongennmm pathway, could elevate pEGFR and pERK1/2 protein abundances and
expressions in rat kidney. Aldosterone seems not to influence the total renal pe-Src

protein abundance meanwhile the protein localization was obviously modulated.
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