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ABSTRACT

Obstruction of the urinary tract activates apoptotic pathways in collecting duct
cells and leads to loss of renal parenchyma prior to surgical intervention. It has been
suggested that development molecular programs may be reactivated to offset acute organ
damage. One such molecule, Pax-2, is expressed throughout the fetal collecting duct and
was recently shown to suppress apoptosis during kidney development.

We hypothesized that during urinary tract obstruction (UTO), PAX-2 expression
is reactivated in the mature kidney, partially suppressing apoptosis; and that mice with
PAX-2 mutations will have increased susceptibility to parenchymal damage during UTO.

Wildtype (C3H) and heterozygous PAX-2 mutant mice (C3H/PAX-2'N")
underwent unilateral ureteral ligation or sham operation at six weeks of age. Kidneys
were removed, weighed and assayed for Pax-2 reactivation following 5, 10 and 15 days
of UTO. Kidneys were then screened for apoptosis by TUNEL staining, and the novel
anti-cleaved spectrin assay.

Pax-2 protein expression fell to nearly undetectable levels in the first weeks of
life but was sharply reactivated in collecting duct cells of wildtype, but not in PAX-2'N"
mutant mice with 10 days of UTO. Wildtype mice with UTO had increased TUNEL,
cleaved spectrin and reduced kidney weight after 10-15 days UTO. Mutant mice had
exaggerated increases in TUNEL staining, cleaved spectrin and parenchymal loss in the
obstructed kidney.

In conclusion, we have shown that PAX-2 is highly expressed in the fetal kidney
but is normally down regulated in the postnatal period; it is rapidly reactivated in
collecting duct cells during UTO. Mice with genetically limited PAX-2 expression have
heightened susceptibility to apoptosis and renal parenchymal loss following acute UTO.



RESUME

L'obstruction de la voie urinaire (OVU) active les cascades apoptotiques dans les
cellules des ducts collecteurs rénaux. L'OVU résulte aussi dans la perte du parenchyme
rénal. Il a été proposé que des programmes de développements moléculaires puissent &tre
réactivés pour contrecarrer les dommages d'organes. Pax-2 est exprimée dans le duct
collecteur feetal et a récemment été démontrée a supprimer l'apoptose pendant le
développement du rein.

Nous avons voulu determiner si ’OVU réactive l'expression de Pax-2 dans le rein
adulte et supprime l'apoptose. Les animaux ayant une forme mutante de Pax-2 seriont
ainsi plus susceptibles a des dommages du parenchyme rénal suite a une OVU.

Des souris de types sauvages (C3H) et hétérozygotes pour Pax-2 (C3H/PAX-2'N")
ont subi des obstructions unilatérales de l'uretére ou bien une opération contrdle a 1'age de
six semaines. Les reins ont été disséqués et pesés afin d'étre traités aux
immunohistochimies de Pax-2 a 5, 10, et 15 jours postopératoires. Par la suite, 1’apoptose
des reins a été détecté par TUNEL et par immunohistochimie de spectrine clivée, une
méthode récemment décrite.

L'expression de Pax-2 chute a des niveaux presque indécelable dans les premiéres
semaines suivant la naissance. Cependant, elle est réactivée a 10 jours postopératoires
dans les cellules normales des ducts collecteurs, mais non dans les cellules des souris
mutantes PAX-2" avec OVU. Les souris de types sauvages avec OVU ont démontré
plus de TUNEL, de spectrine clivées et une masse des reins plus 1égere aprés 10-15 jours
postopératoires d'OVU. Les souris mutantes avaient beaucoup plus de TUNEL, de
spectrine clivées et de perte parenchymale dans le rein obstrué.

En conclusion, la protéine Pax-2 est exprimée dans le rein feetal, mais disparait
normalement, apres la période postnatale. Elle est rapidement réactivée dans les cellules
des ducts collecteurs ayant une OVU. Les souris ayant génétiquement moins de Pax-2

sont susceptibles a plus d'apoptose et de perte du parenchyme rénale suivant une OVU.
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1. INTRODUCTION

1.1 Urinary Tract Obstruction

Congenital obstructive nephropathy is a leading cause of chronic renal failure in infancy
(Chevalier 1995). Acute urinary tract obstruction (UTO) is characterized by impaired
renal growth and development and a reduction in nephron number (Warady 1997).
Prolonged obstruction leads to tubular atrophy, and interstitial fibrosis, which are
hallmarks of advanced obstructive nephropathy (Chevalier 1999). Many studies have
demonstrated heterogeneity in the nephric response to acute or chronic kidney disease;
hypertrophy occurs in some nephrons, while progressive atrophy is observed in others

(Bonventre 1998; Cachat 2003).

1.1.1 Experimental models of UTO

Most of our understanding of UTO stems from experimental animal models. There is
some discrepancy in these findings, and the lack of standardized animal models may be
accountable. Moreover, the majority of reports focus on the animals after release of
obstruction and may thus very well reflect the response to release of obstruction rather
than functional characteristics of the obstructed kidney. Generally, UTO results in a
decrease in renal blood flow (RBF) and glomerular filtration rate (GFR) in the ipsilateral
kidney; and increased RBF to the intact opposite kidney (Chevalier 1998). However, the
effects of UTO on RBF and GFR depend on the duration and degree of obstruction. Also
seen in acute UTO are tubular atrophy, interstitial fibrosis, and an altered expression of
growth factors (Liapis 2003). A number of circulating hormones and paracrine factors are

also implicated in the renal vasoconstriction, including angiotensin (Chevalier 1999;



Liapis 2003). Although progress has been made in this rapidly expanding field, our

knowledge of obstructive nephropathy is still limited.

1.1.2 Changes in renal morphology

The changes in renal morphology following UTO depend on the degree and duration of
obstruction, as well as the time of onset. Interstitial fibrosis and progression in radial
scarring developed in the kidney in response to increasing periods of obstruction. In adult
models the gradual destruction or atrophy of the renal parenchyma was associated with
increased hydronephrosis (Himmelstein 1990). Hydronephrotic atrophy leads to the
destruction of all renal parenchymal tissue, leaving behind a thin-walled sac of Watery
fluid (Fink 1980). Conversely, the acutely obstructed kidney may increase its weight

within hours of obstruction due to renal parenchymal edema (Moody 1977).

1.1.2.1 Interstitial fibrosis

The pathologic marker of irreversible renal injury is interstitial fibrosis (Chevalier 1999).
Interstitial fibrosis involves an increased interstitial volume due to matrix deposition,
fibroblast differentiation/proliferation, and monocyte infiltration (Klahr 2003). The
amount of collagen present in the interstitium and tubular basement membranes is
partially associated with the degree of irreversible kidney damage (Cachat 2003).
Macrophage infiltration of the glomerular and tubulointerstitial compartments results in
the release a variety of products that potentially could injure the glomerulus, including
proteolytic enzymes (collagenase, elastase), reactive oxygen products, platelet-derived

growth factor (PDGF), coagulation factors and platelet-activating factors (Nathan 1987).



1.1.2.2 Tubular Atrophy

Over time, chronic UTO can also lead to tubular atrophy. Tubular atrophy, most likely
results from a progressive loss of tubular cells by (Lange-Sperandio 2002). Tubular
atrophy in the obstructed kidney is manifest by a thickened or sometimes duplicated

tubular basement membrane (Moller 1984).

Tubular atrophy and interstitial fibrosis are almost invariably associated (Cachat 2003).
However, the relationship between these two phenomena is not well understood. Trans-
differentiation of tubular epithelial cells into fibroblasts may explain their association
(Strutz 1995). Alternatively, fibrosis may promote atrophy releasing cytokines that
induce apoptosis, such as TNF-a and Fas-ligand; or by secreting an abnormal ECM

(Gonzalez-Cuadrado 1994; Sugiyama 1995).

1.1.3 Changes in renal blood flow

The immediate hemodynamic response to UTO is variable, but complete obstruction of
the ureter results ultimately in a progressive reduction in ipsilateral RBF (Clausen 1977).
The reduction in RBF during acute UTO is thought to be caused by an intrarenal
vasoactive mechanism (Klahr 1985). This mechanism involves an early and continuous
vasoconstriction that results from the activation of the renin-angiotensin system, with
elevated renal renin expression in the obstructed kidney (Chevalier 1985; Harris 1991;

Cachat 2003).



Inhibition of angiotensin type II (ANG II) in the neonatal guinea pig with chronic UTO
prevents the reduction in renal blood flow (Chevalier 1985). This activation of the renin-
angiotensin system accounts for at least 50% of the interstitial fibrosis that accompanies
chronic obstructive nephropathy (Cachat 2003). Predominance of the ANG II receptor in
the neonatal rat contributes to the heightened tubular apoptosis that follows UTO
(Chevalier 1999). The rennin-angiotensin system therefore plays a role not only in
controlling renal blood flow, but also plays a role in initiating other characteristic

features of obstructive nephropathy.

1.1.4 Changes in renal function

In adult animal models, pelvic pressure increased immediately in response to complete
unilateral ureteral obstruction, and GFR decreased when the pelvic pressure exceeded 20
mmHg (Hvistendahl 1996). The changes in renal function occurred during the first 24
hours of UTO. In rats, GFR was reduced to 52% of baseline value at 4 hours, 23% at 12
hours, and 4% at 24 hours (Harris 1981). After 24 hours of UTO, the continued decrease
in GFR of the obstructed kidney was associated with a compensatory GFR increase in the
contralateral kidney (Harris 1981; Capelouto 1993). Redistribution of GFR from the
surface nephrons to the deep nephrons was seen during UTO (Capelouto 1993). This
corresponds with blood flow redistribution from the outer cortex to the inner cortex and

outer medulla (Clausen 1977).

There are conflicting reports on the ipsilateral GFR changes. Navar (1970), shows a

dramatic yet transitory increase in GFR following UTO, using dogs. In contrast, studies



in rats and pigs uniformly show an immediate reduction in ipsilateral GFR after onset of
acute obstruction (Hvistendahl 1996); (Provoost 1981). These findings indicate that there

are major variations in the reactive mechanisms among species.

1.1.5 Growth Factors

A range of genes including growth factors tightly controls how the kidney responds to
acute obstructive nephropathy. Growth factors such as platelet-derived growth factor
(PDGF), transforming growth factor-beta (TGF-B), epidermal growth factor (EGF) and
insulin-like growth factor-1 (IGF-1) have recently been shown to play a role in the
development and progression of fibrotic and sclerotic changes in the obstructed kidney. It
can be inferred that the increased production of growth factors following acute UTO

serves as the kidney’s inborn mechanism of self-repair.

1.1.5.1 PDGF

Administration of PDGF to rats was associated with enhanced development of fibrotic
changes in the chronically obstructed kidney (Nathan 1987). In vitro experiments, using
renal interstitial fibroblasts, showed that PDGF induces fibroblast proliferation (Knecht
1991). In an opossum model of complete urinary tract obstruction, it has been reported
that PDGF mRNA correlates with the morphologic features of tubulointerstitial damage

indicating that PDGF participates in this form of kidney damage (Liapis 1994).

1.1.52 TGF-B



TGF- B is a cytokine, which stimulates ECM synthesis and inhibits its degradation
(Roberts 1992). Expression of TGF-B1 mRNA is increased in the obstructed kidney
(Walton 1992). Recent evidence also suggests that the infiltrating macrophage may play
a role in propagating initial glomerular injury to the development of glomerulosclerosis
via TGF- B stimulating matrix accumulation (Diamond 1994). (Diamond 1995) proposed
that the markedly increased expression of TGF- 1 following UTO induced a pro-
fibrogenic state and set off a cascade of disruptive events including the up regulation of
tissue inhibitors such as metalloproteinase. In addition, TGF- B1 may serve as a potential

stimulus for the modulation of quiescent interstitial fibroblasts into myofibroblasts

(Diamond 1995).

1.1.5.3 EGF

The decrease of EGF expression has been associated with the development of obstructive
nephropathy (Walton 1992). In addition, the injection of EGF in 1-day-old rat pups
reduces the fraction of apoptotic renal cells by 50% in less than 2 hours (Coles 1993),
indicating that the reduced EGF in the obstructed kidney would contribute to increased
apoptosis. Furthermore, EGF has been shown to have anti-proliferative effects in the

developing kidney (Gattone 1992).

1.1.54 IGF
In the obstructed kidney, administration of insulin-like growth factor 1 (IGF-1) attenuates
the development of fibrosis, tubular cystic change and caliceal dilation (Steinhardt 1995).

Recovery from acute renal failure in rats has been shown to be accelerated by



recombinant human insulin-like growth factor-1 (rhIGF-1) (Ding 1993). Clinical trials
with IGF-1 have demonstrated its safety and maintenance of GFR in postsurgical patients

(Carmichael 2003).

1.1.6 Cell death and tissue loss

Abnormalities of cell number are a frequent feature of renal disorders. Cell death is a key
factor in the regulation of cell number. Apoptosis is an active form of cell death that is
modulated by extracellular lethal and survival signals. Both apoptosis of intrinsic renal

cells and of infiltrating leukocytes may contribute to the pathogenesis of renal disease.

Apoptosis triggered by ischemia or endogenous mediators of damage may be the initial
insult capable of causing nephropathy. Apoptosis may also contribute to the persistence
of renal injury. Progression of renal disease may be a consequence of a persistently high
apoptotic rate of renal parenchymal cells leading to glomerular or tubular atrophy.

Alternatively, a low rate of fibroblast apoptosis may promote renal fibrosis.

Tubular cell apoptosis has been observed during ischemic, toxic, and obstructive acute
renal failure (Chevalier 1996; Cachat 2003). Apoptosis may also occur in cells
proliferating in a compensatory fashion after renal injury (Lange-Sperandio 2002; Cachat
2003). These cells would be more sensitive to absolute or relative deficits in survival
factors. In this setting, apoptosis might contribute to the persistence or delayed recovery

from acute renal failure.



Other studies have also examined in vivo apoptosis in experimental UTO. Santarosa
found that bladder outflow obstruction in adult rabbits caused an increase of apoptosis
(1994). (Chuang 2002) reported that apoptosis was up-regulated in smooth muscle of
obstructed ureters in adult rats (2002). Several studies have also examined the effects of
experimental UTO on the developing kidney. Matsell reported that fetal ureteric
obstruction in the monkey, was associated with increased apoptosis in the tufts of
developing glomeruli (2002a). Furthermore, Chevalier found that ureteric obstruction in
neonatal rats caused apoptosis in some tubules (2000). Finally, using ureteric obstruction
in the developing opossum, Liapis reported a complex picture with enhanced apoptosis
and proliferation in the renal interstitium, and a predominantly apoptotic response in

tubules (2000).

1.2 Apoptosis

1.2.1 Physiology of Apoptosis

‘Apoptosis’ is a term that was coined by Kerr in 1972 to describe a succession of
morphological changes shared by dying cells in various biological systems. Apoptosis is
now described as a genetically programmed, morphologically distinct form of cell death
that is triggered by a variety of physiological and pathological stimuli (Earnshaw 1999).
The most important morphological features of apoptosis are cell shrinkage, accompanied
by transitory but aggressive blebbing from the surface, culminating in the severance of
the cell into clusters of membrane-bound bodies (Wyllie 1980b). One hallmark pattern
early in the process of cell death is inter-nucleosomal fragmentation of DNA into

approximately 200 base-pair fragments (Wyllie 1980a; King 1998). Organellar integrity



and structure is typically preserved, but the nuclear chromatin undergoes a distinguishing
condensation, which then generates very dense, cap-like, heterochromatic regions
(Earnshaw 1999). The appearance of several characteristic cell surface molecules also
seems to be altered, causing apoptotic cells to be immediately and specifically recognized
and cleared by neighbouring cells or professional phagocytic cells (macrophages) before
lysis (Orrenius 1995). Such clearance allows for massive cell turnover without induction

of an inflammatory response (Orrenius 1995; King 1998).

Apoptosis is responsible for cell death in development, atrophy induced by endocrine and
other stimuli, normal tissue turnover, negative selection in the immune system, and a
considerable amount of T-cell killing (Meier 2000). Apoptosis is a major factor in the
kinetics of tumors, both growing and repressing. It also accounts for many of the cell
deaths that follow exposure to cytotoxic compounds, hypoxia or viral infection. So how

does it work?

1.2.2 Caspases

Molecular genetic studies on the nematode Caenorhabditis elegans led to the discovery
of a set of proteins, widely represented by homologues in other species, that are
responsible for turning the final commitment to death on or off. In the nematode these
proteins include the products of the ced3 and ced4 genes (which initiate cell suicide),
ced9 (which prevents it) and a series of some seven genes involved in recognition and

phagocytosis of the doomed cell (Meier 2000).



CED3 is the prototype of a family of around a dozen mammalian proteases, called
caspases, because of the obligatory cysteine in their active site and their predilection for
cutting adjacent to aspartate residues (Earnshaw 1999; Meier 2000). Over a dozen
caspases have been identified in humans; about two thirds of these have been suggested
to function in apoptosis (Thornberry 1998; Earnshaw 1999). Caspases are highly
conserved through evolution, and can be found from humans all the way down to insects,

nematodes and hydra (Budihardjo 1999; Cikala 1999; Earnshaw 1999).

Once activated, caspases cleave a variety of intracellular polypeptides, including major
structural elements of the cytoplasm and nucleus, components of the DNA repair
machinery, and a number of protein kinases. Collectively, these scissions disrupt survival
pathways and disassemble important architectural components of the cell, contributing to
the stereotypic morphological and biochemical changes that characterize apoptotic cell

death (Earnshaw 1999).

1.2.3 Caspase Inhibition

Because they bring about most of the visible changes that characterize apoptotic cell
death, caspases can be thought of as the central executioners of the apoptotic pathway
(Hengartner 2000). Using what is known about the specific sequences of the caspases,
specific competitive inhibitors of apoptosis have been designed (Thornberry 1998). Many
laboratories are currently using specific inhibitors of apoptosis in conditions where

elevated apoptosis results in degeneration of tissue. Pharmaceutical companies are

10



particularly interested in the use of caspase inhibitors as a possible therapy in stroke,

heart disease and renal disease.

1.2.3.1 Z-VAD-fmk

Z-VAD-fmk is a cell permeable, broad inhibitor of caspases, including caspases 1, 3, 4,
and 7. Z-VAD-fmk was shown to reduce the severity of myocardial injury in animal
models of myocardial infarction (Dumont 2001). The benefits of caspase inhibition have

been observed has been widely used to successfully inhibit apoptosis in vitro.

Inhibition of caspase-mediated apoptosis with Z-VAD-fmk also has been shown to
reduce brain injury and neuronal loss following cerebral ischemia in rat and mouse

models (Jacobson 2002).

1.2.3.2 Endotoxin

Endotoxin, or bacterial lipopolysaccharide, depresses myocardial contractility in
laboratory animals and is also responsible for cardiac dysfunction associated with human
sepsis (Parillo 1985). Z-VAD-fink, in conjunction with endotoxin, not only reduced
caspase activities and nuclear apoptosis, but also completed prevented endotoxin-induced

myocardial dysfunction (Fauvel 2001).

1.2.4 Apoptosis in development

Physiological cell death is an indispensable constituent of animal development, vital for

establishment and maintenance of tissue architecture (Saxén 1987; Jacobson 1997).
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During animal development, many structures are formed that are later removed by
apoptosis (Jacobson 1997). This allows for greater flexibility, as primordial structures
can be adapted for different functions at distinct stages of life or in different sexes. For
example, in females, the Mullerian duct gives rise to the uterus and oviduct (Grobstein
1955; 1956). In males, the Mullerian duct it is not needed, and is consequently expunged

(Vainio 2002).

During development, apoptosis is also used to eliminate structures remnant of ancestral
incarnation. This is illustrated in early vertebrate development, where the pronephric
kidney tubules arise from the nephrogenic mesenchyme (Rothenpieler 1993; Kuure
2000). Although these pronephric tubules form functioning kidneys in fish and in

amphibian larvae (Saxén 1987), they are not active in mammals and degenerate.

Apoptosis also functions as part of a quality control and repair mechanism during
development by compensating for many genetic or stochastic developmental errors
(Jacobson 1997; Gartner 2000). Cells that have been programmed incorrectly are,
effectively, cells that will go astray. These cells will fail to receive their appropriate
trophic signals for survival and will consequently activate their innate auto-destruct

mechanism (Hengartner 2000).

1.3 Kidney Development

1.3.1 The evolution of kidney development: a three-part phenomenon
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The building of intricate organs during embryonic life is one of the most interesting and
complex developmental processes. The morphogenesis of the mammalian kidney, with
its characteristic shape and size, defined structural composition and specialized
physiological properties, is the result of coordinated gene action that directs the
developmental fate of cells participating in the process. The acquisition of different renal
cell fates involves interplay of cell proliferation, differentiation, migration, growth, and
death. The elaboration and culmination of these cellular ensembles requires precision in

both a temporal and spatial manner.

The mammalian kidney has long served as an important model for studying the
vertebrate excretory system (Saxén 1987; Lechner 1997; Schimmenti 1997; Davies
2000). The excretory systems of all vertebrates consist of filtration units that allow small
molecules to pass from the blood out into the urinary space, specialized epithelia that
selectively recover solutes and return them to the blood, and drainage ducts to move
urine out of the body (Davies 1999; 2000). The functional unit of the vertebrate excretory
system, the nephron, consists of: the vascular loop of the glomerulus, the capsule, the

nephrocoel, the nephric duct, the nephrostome, and the tubule (Saxén 1987).

To understand the molecular development of the kidney, one must first be familiar with
the morphologic events that take place during kidney development. The mammalian
kidney represents an excellent example of ontogeny representing phylogeny with three
sets of kidneys developing successively: the pronephros, the mesonephros and the

metanephros (Saxén 1987; Kuure 2000). The more simple forms of the kidney (the
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pronephroi and mesonephroi) are transient structures during higher vertebrate

embryogenesis, but are fully exploited in lower vertebrates (Saxén 1987).

1.3.1.1 The pronephroi

The pronephros is analogous to the kidney of a primitive fish, and serves as the excretory
organ in the larval stages of amphibians. In both human and mouse embryos, the
pronephros appears in the cervical region around the third week of gestation in humans
(E22) and at about E8 in mice. They do not undergo differentiation into any recognizable
nephrons and have no significant excretory function (Robillard 1994). The pronephroi

undergo regression in the fifth week of human gestation (Saxén 1987; Jacobson 1997).

1.3.1.2 The mesonephroi

The mesonephroi are the permanent kidneys in amphibians, and function briefly in
mammals until their metanephroi are fully developed. The mesonephroi appear
immediately caudal to the last of the pronephric tubules, and may actually partially
overlap the most caudal part of the pronephros. The mesonephroi consist of vascularized
glomeruli and distinct proximal tubules that drain into the mesonephric duct, which in
turn, opens into the cloaca (Fig. 1) (Saxén 1987, Robillard 1994). The mesonephric
tubules however, have no loop of Henle or differentiated distal tubular segments. The
first mesonephric nephrons are seen around 24 to 25 days of gestation in humans (E24)
and about E9.5 in mice. As with the pronephros, the earliest mesonephric nephrons start

to degenerate (Robillard 1994).
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Figure 1: Development of the mammalian kidney. The mesonephroi function briefly
in mammals until their metanephroi are fully developed. The mesonephroi appear
immediately caudal to the last of the pronephric tubules, and may actually overlap the
most caudal part of the pronephros.



1.3.1.3 The Metanephroi

The permanent mammalian kidneys, the metanephroi, begin to develop at E35-E37 in
humans and E11 in mice, with the demarcation of the metanephric blastema in the caudal
part of each intermediate mesoderm (Kreidberg 1993; Torres 1995). This blastema is a
domain of perhaps a few thousand cells, and is usually known as the metanephric
mesenchyme (MM). A small epithelial bud or diverticulum also known as the ureteric
bud (UB) then emerges from the lower end of the Wolffian duct near its entry into the

cloaca and future bladder (Lipschutz 1998; Cho 2003).

The metanephros forms as a result of a reciprocal epithelial-mesenchymal induction
between the epithelial UB and the MM (Grobstein 1955; Saxén 1987; Cho 2003).
Mesenchymal cells aggregate at the tips of the UB, and the UB induces the mesenchyme
to condense (Fig. 2A). The mesenchyme in turn induces the UB to branch (Fig. 2B), as
the condensing mesenchyme becomes polarized into a renal vesicle. The renal
vesicleundergoes an epithelial conversion and elongates into an S-shaped body (Fig. 2C)
(Grobstein 1956; Saxén 1987, Hammerman 1992; Cho 2003). The glomerulus is
beginning to take shape and much of the epithelia now expresses specific markers for
proximal or distal tubules (Fig. 2D). Proliferation of tubular epithelium generates a
highly convoluted proximal and distal part. The glomerular tuft develops, as endothelial

cells and podocytes come into contact to form the nephron. (Fig.2E).

The stalk of the UB forms the ureter and the cranial end forms the renal pelvis and

collecting ducts (Saxén 1987; Lipschutz 1998). The collecting tubules merge with the
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Adapted from Cho, 2003

Figure 2: Nephrogenesis. Mesenchymal cells aggregate at the tips of the UB, causing
the mesenchyme to condense (A). The mesenchyme in turn induces the UB to branch (B).
The condensing mesenchyme undergoes an epithelial conversion and elongates into an S-
shaped body (C). The epithelia now express specific markers for proximal or distal
tubules (D). The glomerulus develops, and the nephron forms (E).



mesenchyme-derived secretory nephrons and drain the urine into the renal pelvis (Saxén
1987; Sariola 1997). The urine is now free to travel down the ureter into the bladder

where it is excreted.

1.3.2 Regulatory molecules in kidney development

For a candidate gene to be indisputably shown to be involved in organ development,
three conditions are required. First, the gene must be expressed where organ development
is taking place. Second, the gene has to be expressed at the time of organ development.
Finally, if the gene is disrupted, normal organ development must not occur (Lipschutz

1998).

Of all the genes involved in kidney development, 11 have been shown by gene disruption
studies to be necessary for the development of functional kidneys (Lipschutz 1998). The
four that will be described below are those that cause defects in early kidney

development.

1.3.2.1 c-ret

c-ret encodes a receptor tyrosine kinase, which is normally expressed in the developing
nervous system. It is also found to be expressed in the mesonephric duct, and the UB of
the developing kidney, but not in the MM (Pachnis 1993).

Mice with a c-ret null mutation die within one day of birth due to renal failure. Mutant

kidney rudiments, if present, have reduced recognizable nephric elements, substandard
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UB branching without formation of mature collecting ducts, and large regions of

undifferentiated mesenchyme (Schuchardt 1994).

1.3.2.2 GDNF

Glial cell line-derived neurotrophic factor (GDNF) is a member of the transforming
growth factor-B (TGF—P) superfamily (Durbec 1996; Trupp 1996), and was identified as
the ligand for the c-ret receptor. GDNF is a target-derived guidance cue that ensures
proper outgrowth and invasion of the UB into the MM (Brophy 2001). Mice with
mutations in GDNF demonstrate defects akin to c-ret deficient mice, including kidney

aplasia and dysplasia (Pichel 1996; Sanchez 1996).

1.3.23 WT-1

WT-1, Wilms tumor suppressor, is a transcription factor with zinc finger binding domains
(Lipschutz 1998). Germline mutations in the tumor suppressor function of the WT-I gene
result in the Wilms’ childhood kidney tumor (Armstrong 1992; Lee 1999). WT-1 can be
detected in the developing mouse renal and gonadal structures and transiently in
mesothelium around the heart and gut, ventral spinal cord, and brain (Armstrong 1992).
In the developing kidney, WT-1 is found in the mesonephric tubules, with subsequent
expression in derivatives of the MM, but not in the mesonephric duct or UB (Armstrong
1992). WT-1 knockout mice do not form UBs and have only transient MMs (Kreidberg
1993) (Sariola 1997). WT-1 mutant mesonephric ducts are intact and can be stimulated

by wildtype mesenchyme to sprout Ubs (Kreidberg 1993; Donovan 1999).
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1.3.2.4 Pax-2

Pax-2 is a paired-box DNA binding protein expressed in developing mouse kidney and
nervous tissues including the optic stalk, the midbrain-hindbrain junction, and the spinal
cord (Mansouri 1996). In the kidney, Pax-2 is detected in the caudal mesonephric duct,
the UB, and later in mesenchymal condensates induced by the UB (Dressler 1996). As
the condensates convert into nephric epithelia, Pax-2 expression is suppressed (Dressler
1996; Ryan 1996). Pax-2 null mutant mice do not develop kidneys (Torres 1995).
Conversely, unregulated expression of Pax-2 is associated with cystic, hyperproliferative
mouse kidneys (Ostrom 2000). Several developmental roles for Pax-2 have been
identified. In the MM, Pax-2 activates GDNF expression (Brophy 2001), but in the
nephric duct it may influence cell fate specification (Bouchard 2002). Pax-2 has also
been shown to have an anti-apoptotic effect in the developing kidney, where

21Neu

heterozygous Pax- mice have sub optimal UB arborisation (Porteous 2000; Torban

2000). Pax-2 will be discussed in detail in section 1.4.

1.3.3 Apoptosis in the developing kidney

It is clear that nephrogenesis is an active process of proliferation, restructuring via
morphogenesis, and functional differentiation that is controlled by tightly regulated and
specific renal gene expression (Orellana 1998). Nephrogenesis also relies heavily on

programmed cell death (Coles 1993; Ostrom 2000; Torban 2000).

Many apoptotic bodies were found within the lumen of developing tubules (Ostrom

2000), and increased apoptotic gene expression corresponded to a decreased rate of UB
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branching (Porteous 2000; Torban 2000). It was even discovered that human dysplastic
kidneys are the result of aberrant temporal and spatial expression of apoptotic genes

(Winyard 1996).

These findings insist that cell removal is just as important in renal development as cell
“creation” or differentiation to the extent that too many unwanted cells may be just as

critical as not enough “wanted” cells

1.4 Pax-2

Pax-2 is a member of the paired box (PAX) class of transcription factors, with an
important role in embryonic development (Dressler 1993). PAX genes contain a highly
conserved ‘paired box’ DNA-binding domain, and encode a DNA-binding domain,
enabling PAX proteins to bind the promoters of specific genes to transcriptionally
regulate their expression (Mansouri 1996). The PAX2 gene is located on human
chromosome 10, and in mice it resides on chromosome 19. Pax-2 is critically required
during the development of the central nervous system, ear, eye, and genitourinary axis

(Nornes 1990; Eccles 1992; Dressler 1993; Dahl 1997; Torban 2000).

1.4.1 Pax-2 expression in development

Expression of Pax-2 was identified in the CNS, specifically in the midbrain-hindbrain
region and spinal cord (Nornes 1990; Goulding 1993; Alvarez-Bolado 1997). In the ear,
Pax-2 is expressed in primordial organs responsible for auditory functions, the cochlea

and the spiral ganglion (Torres 1996). In the developing eye, Pax-2 is found initially in
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the optic stalk and then in the optic nerve, demarcating boundaries between optic nerve
and prospective outer retinal layer (MacDonald 1995; Torres 1996). Early in the
developing genitourinary system, Pax-2 is seen in the nephrogenesis duct at the level of
the pronephric and mesonephric tubules. Later, Pax-2 is strongly detected in the Wolffian
and Mullerian ducts (Torres 1995). Pax-2 expression is most prominent in the UB as it
emerges from the Wolffian duct and penetrates the MM (Dressler 1990; Torres 1995). As
signals from the branching tips of the UB induce the MM, adjacent mesenchymal cells
condense into vesicular clusters, which begin to express Pax-2 (Dressler 1990; Eccles
1998). Pax-2 is detected in early epithelial structures derived from the induced
mesenchyme, the comma- and S-shaped bodies. However, as these structures
differentiate into glomeruli and proximal portions of the emerging nephrons, Pax-2
expression is abated. At birth, Pax-2 mRNA is undetectable by in situ hybridization

(Dressler 1990; Eccles 1992).

1.4.2 Role of Pax-2 in kidney development

Several discrete roles for Pax-2 during kidney development have been identified. In the
MM, Pax-2 activates GDNF expression (Brophy 2001), but in the nephric duct, it may
influence cell fate specification (Bouchard 2002). And an anti-apoptotic function for
Pax-2 in the branching UB of the developing kidney was recently identified, where
heterozygous Pax-2"N" mice have sub optimal UB arborisation associated with elevated

apoptosis of UB cells (Porteous 2000; Torban 2000).

1.4.3 Pax-2 mutant mouse models
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There are currently three Pax-2 mutant models that further elucidate the role of Pax-2 in
development of the genitourinary system: Krd mice (Keller 1994), Pax-2 knockout mice

(Torres 1995), and 1Neu mice (Favor 1996).

1.4.3.1 Krd strain

The Krd strain carries a large deletion (about 7 ¢cM) in the distal region of chromosome
19 including the Pax-2 locus (Keller 1994). Heterozygous Krd mice develop a high
incidence of kidney defects (hypoplastic and cystic kidneys) as well as retinal
abnormalities (reduced cell numbers in all nuclear layers of the retina). Homozygotes are
lethal in the pre-implantation stage (Keller 1994). This early embryonic lethality of the
Krd homozygotes most likely results from the disrupted functions of some of the
estimated 400 genes within the 7cM deletion. Nonetheless, both renal and ocular
phenotypes of the Krd mouse are strikingly similar to the other two Pax-2 mutant

models.

1.4.3.2 Pax-2 knockout mice

The Pax-2 knockout mouse (Torres et al, 1996) shows severe abnormalities in
development of the meso- and metanephric mesenchyme in homozygous embryos that
result in the absence of genital tracts and metanephric kidneys. Heterozygous mutants

frequently showed reductions in kidney size.

1.4.3.3 Pax-2" mice
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The Pax-2"N*" mouse (Favor 1996) has an insertion of a single guanosine nucleotide on
chromosome 19 in exon 2 of the Pax-2 locus, causing a frameshift mutation, which
results in a premature stop codon (Fig. 3). This single base pair insertion is identical to
the mutation seen in humans with Renal Coloboma Syndrome (RCS). Heterozygous
INeu mice, like humans with RCS, have renal hypoplasia as well as ocular colobomas,
while homozygous 1Neu mice have complete renal agenesis, severe ocular and auditory
anomalies, as well as loss of the mid- to hindbrain region, and die within hours of birth

(Favor 1996).

All three abovementioned mouse models as well as the rare human condition, RCS,
exhibit severe kidney abnormalities, suggesting that Pax-2 plays a critical role in normal

kidney development.

1.4.4 Pax-2 and renal malformations

1.4.4.1 Renal cell carcinoma

Another kidney-derived tumor in which Pax-2 expression has been observed is renal cell
carcinoma (RCC), a common adult renal malignancy, which is thought to arise from the
proximal tubule epithelium (Anglard 1992). A high proportion (73%) of RCC cell lines

and primary RCC tumors express Pax-2 (Gnarra 1995).
Pax-2 expression may be part of the intricate progression of RCC tumorigenesis by either

of two mechanisms. Pax-2 may become reactivated in differentiated tubular epithelial

cells and may represent a proliferation stimulus. Alternatively, failure to suppress Pax-2
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during development may predispose renal epithelial cells to additional genetic lesions in
an involved oncogenic transformation pathway. Either process would be dependent on

Pax-2 expression in the context of mutations in regulatory genes (Gnarra 1995).

1.4.4.2 Renal coloboma syndrome

Renal coloboma syndrome (RCS) is an autosomal dominant disorder, which results from
a mutation in the Pax-2 gene (Sanyanusin 1995; Porteous 2000). There are many
mutations of the Pax-2 gene which result in RCS, with the most common of these
mutations being the insertion of an 8" guanosine on the 5’ end of the paired box domain
on chromosome 10q25 (Schimmenti 1997; Porteous 2000). RCS is characterized by a
range of phenotypes, such as anomalies of the central nervous system (mid/hind-brain,
spinal cord), anomalies of the excretory system, ocular anomalies and hearing loss
(Sanyanusin 1995; Schimmenti 1997; Cunliffe 1998). The most common phenotypes
associated with RCS are renal hypoplasia and optic nerve colobomas (Weaver 1988;
Sanyanusin 1995; Schimmenti 1997). End-stage renal failure is common in RCS, but the
mechanism by which Pax-2 mutations lead to renal failure is unknown (Porteous et al,

2000).

1.4.4.3. 1 Neu mutation

Favor first characterized the 1Neu mouse in 1996. The 1Neu mutation consists of an
insertion of an 8" guanosine nucleotide on chromosome 19 (exon 2), causing a frameshift
mutation that results in a premature stop codon. This single base pair insertion observed

in the 1Neu mouse is identical to the mutation seen in humans with RCS; therefore, the
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1Neu mouse serves as a perfect model of humans with RCS. Heterozygous 1Neu mice,
like patients with RCS, have renal hypoplasia as well as ocular colobomas, while
homozygous 1 Neu mice have complete renal agenesis, severe ocular and auditory

anomalies, as well as loss of the mid- to hindbrain region, and die within hours of birth.

1.4.4.4 Wilms Tumor
Wilms tamor is a childhood embryonic neoplasm of the kidney in which Pax-2, and a
number of other renal developmental genes, have been shown by in situ hybridization

and immunohistochemistry to be misexpressed (Dressler 1992; Eccles 1992; Eccles

1995).

WT-1 is a tumor suppressor gene that is mutated in Wilms tumors. Pax-2 and WT-1
encode transcription factors expressed in patterns that overlap both spatially and
temporally during fetal kidney development. It has been suggested that WT-1 regulates
Pax-2 expression(Ryan 1996). In its mutated form, WT-/ would be unable to normalize
Pax-2 expression, and this accounts for the over expression of Pax-2 (Dressler 1996).
Whether the persistent expression of Pax-2 in Wilms tumor simply reflects the
embryonic stage of development from whence the tumor tissue arose, or whether it
signifies a direct or indirect involvement of persistent Pax-2 expression in Wilms tumor,

remains to be determined (Eccles 1998).
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2. RESEARCH PROPOSAL

Apoptosis plays a crucial role in the evolution of renal malformations and in the
progression of obstructive nephropathy (Chevalier 1999a). Elucidation of the
mechanisms underlying renal apoptosis in these disorders may lead to improved

management for patients who suffer from such malady.

It has been suggested that developmental paradigms may be recapitulated in order to
restore or preserve mature organ function following acute organ damage (Liapis 2003).
Many genes involved in urogenital development have been identified. One of these genes
is Pax-2. During development, PAX-2 protects cells from apoptosis. However, in the

mature kidney, its expression is undetectable.

In this project, we hypothesize that PAX-2 is reactivated in the mature, acutely obstructed
kidney, helping to suppress apoptosis, and to abate renal parenchymal loss. If so, then the
extent to which PAX-2 is reactivated determines the amount of renal parenchymal loss,
and animals with mutations in their Pax-2 locus (1Neu) will have increased susceptibility

to parenchymal damage during UTO.

In order to test this theory, we wish to develop a model of acute renal obstruction in

which we can track re-expression of the Pax-2 gene as well as levels of apoptosis and the

integrity of the obstructed kidney.
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3. MATERIALS AND METHODS

3.1 General

3.1.1 Breeding of Litters for Pax-2"*" Mutant and Wildtype Mice

On the day of breeding, wildtype (C3H) females were weighed to determine a “starting
weight”. The females were then crossed with heterozygous 1Neu males. Because 1 Neu
mice do not form vaginal plugs, the weight of each of the females in the cage was
montinored and this was used to establish pregnancy.

2N ice

3.1.2 Genotyping of Pax-
To genotype INEU mice, a method was used which combines the use of Polymerase
Chain Reaction (PCR) and digestion by the restriction enzyme, Xcml (New England
Biolabs). Specially designed primers were used to create a restriction site for Xcml that
would not otherwise have been present (Fig 3A). The sense and anti-sense primers used
were 5 GTGTGAACCAGCTCGGGGGTG 3’ and 5° GCCCAGGATTTTGCTGACACAGCC
3* respectively. The actual reaction was done using 10x PCR Buffer (Gibco-BRL,
Burlington, ON), 50mM MgCl, (Gibco-BRL), 1uL each of the sense and anti-sense
primers, 2.5mM dNTPs, 1 unit Taq Polymerase (Gibco-BRL), 0.25-0.75 pg of DNA and
distilled water to reach a final volume of 20 pL. The cycle began at 95°C for 3 minutes,
followed by 35 cycles of 10 seconds at 95°C, 10 seconds at 61°C and 20 seconds at 72°C,

ending with an additional 3 minutes at 72°C and a 4°C soak. 3 uL of each of the

amplified samples were digested for 1 hour at 37°C with 1 unit Xcml restriction enzyme
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Wildtype Sequence (Exon2) Xcml Restriction Site:
5'...CCAGCTCGGGGGGGT...3'
fi 5'...CCANNNNN NNNNTGG...3'
3'...GGTNNNN NNNNNACC...5'
1NEU Mutation 'r

5'...CCAGCTCGGGGGGGGT...3'
]
primers create a mutation substituting
G for T to create the restriction site for Xcml
in the 1Neu but not wildtype sequence

+/- ++ +/- +/- +/+




Figure 3. Genotyping Pax2'™" Mice. The genotyping of 1Neu mice was done by PCR
amplification and restriction enzyme digest. Specially designed primers were used to
produce a mutation, substituting G for T to create the recognition site for Xcml in the
1Neu but not wildtype sequence (A). Only the 1Neu will be cut, resulting in a product 15
bp shorter than the wildtype. The wildtype band is seen at 166bp, while the Pax2'Ne

mutant band is 151bp (B).



(NEB), 2 units NEB2 Buffer and distilled water to reach a final volume of 20 pL. The
digested samples were then run on 10% polyacrylamide gels and visualized by ethidium
bromide staining. Wildtype mice displayed one band at 166 base pairs, while
heterozygous 1Neu mice showed two bands, one at 166 base pairs and another at 151
base pairs (Fig. 3B). Samples of DNA used for genotyping were obtained using the

Wizard DNA Purification Kit (Promega).

3.2 Ontogeny of Pax-2 expression in wildtype mice

3.2.1 Dissection of kidneys

C3H females were crossed with wildtype C3H males for this study. Once females gave
birth, litters were allowed to mature to the desired stage at which time the pups would be
sacrificed and dissected. The sacrificed pups were transported on ice to a sterile tissue
culture area where their kidneys were removed with the aid of a dissecting microscope
(Leica) and fine dissecting instruments. Once removed from the body, the kidneys were
transferred with tweezers to a petri dish containing sterile PBS. This was repeated at

weekly intervals beginning at week 0 of life, and ending at week 10.

3.2.2 Pax-2 western blot

Kidneys were thoroughly lysed using an abrasive western lysis buffer consisting of 62.5
mM Tris pH 6.8, 10% Glycerol, 6 M Urea, 2% SDS and 5% B-mercaptoethanol. The
samples were then heated to 65 °C for 15 minutes and the loading dye (to 1X) was added.
Once the loading dye was added, the samples were boiled at 100 °C for 5 minutes, spun

down briefly in a microcentrifuge and loaded on a polyacrylamide gel consisting of two
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layers; a top (stacking) layer (4%) and a lower (separating) layer (10%). The gel was run
at 100V for approximately 2 hours followed by a 1-hour transfer at 100V. Once the
transfer of protein from gel to membrane was complete, the membrane was blocked by
incubating in PBS-Tween (0.1%) + 5% milk at room temperature for 2 hours. Next, the
blot was probed with Pax-2 antibody (Zymed) (1/250) for 2 hours, followed by 2 washes
of 10 minutes each with PBS-Tween (0.1%). The blot was then probed with a secondary
antibody (1/1000 Anti-Rabbit) and washed 3x 5 minutes with PBS-Tween (0.1%). The
final step was to develop the blot by immersing it in an enhanced chemiluminescence
(ECL) developing solution (Amersham Biosciences) and immediately exposing it to film.

A band appearing at 42 kDa represents Pax-2.

The blots were then stripped using 62.5 mM Tris pH 6.7, 2% SDS, 100 mM 2-
mercaptoethanol, and distilled water, heated to 50°C.A B-actin western blot was
performed on the same membrane. The 41.73 kDa bands that appear represent the
amount of f—actin protein in our samples, and serves to normalize the Pax-2 western blot

results.

3.3 Mouse model for UTO

Both C3H wildtype and 1Neu mice were anaesthetized by inhaling 0.5-1 L of oxygen/1%
isoflurane for the duration of the operative procedure. A paramedial incision was made in
the upper left abdomen. By medially reflecting the left colon, the mid ureter was
exposed. The ureter was ligated with 5.0 surgical silk, and was then tucked back into the

abdominal cavity. The muscle of the anterior abdominal wall was sutured with Vicryl 5.0
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(Ethicon), and the skin was stitched with stainless steel wire. To minimize pain,
0.05mg/kg of buprenorphine (0.5cc of 0.005mg/cc suspension) Wwas applied

subcutaneously to the sealed abdomen every 6-8 hours.

Both Wildtype and mutant mice were sacrificed following zero, five, ten, or 15 days of
obstruction by placing the mice in a CO, chamber. Both right and left kidneys were

excised for further study.

Please see McGill University Animal Use Protocol #4530 for further information,

appended in section 6.

3.4 Pax-2 expression following UTO
3.4.1 Pax-2 immunohistochemistry

The whole kidneys were were stored and embedded in blocks of paraffin. Kidneys were

sectioned 5 pm thick using a microtome (Leica).

Tissue sections were heated to 60°C for 1 hour. They were then deparaffinized by
treating 2x 5 minutes with histology grade Xylene (Fisher Scientific) and rehydrated by
soaking 2x 5 minutes in 100% ethanol, 2x 5 minutes in 95% ethanol, 3 minutes in 90%
ethanol, 3 minutes in 70% ethanol, 3 minutes in 50% ethanol, and finally 3 minutes in
distilled water. Next, endogenous peroxidases were blocked by incubating the sections in
3% H,0, for 30 minutes at room temperature. The tissue sections were then incubated in

diluted normal blocking serum (Vectastain Universal Kit) for 20 minutes. The sections
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were incubated for 30 minutes with primary antibody (Pax-2 from Zymed) diluted in
buffer (1/50 dilution) at 37 °C. The sections were washed in buffer, and then incubated
for 30 minutes in diluted biotinylated secondary antibody solution (Vectastain Universal
Kit) at 37 °C. The sections were then incubated with Vectastain, incubated with DAB
peroxidase substrate kit (Vector Laboratories), and counterstained with Methyl Green

dye. The sections were then dehydrated and mounted using Permount (Fisher Scientific).

3.4.2 Pax-2 western blot analysis

For Pax-2 western blot protocol, see section 3.2.2.

Western blots were quantified using the MCID-M5 4.0 image analysis software. This
software processes the spatial measures for the number of pixels contained in each band
of the Western Blots. Intensities from the Pax-2 bands were divided by the B-actin band

intensities, resulting in a normalized “intensity” for Pax-2 expression.

3.5 Anti-Spectrin p120 neoepitope Expression Following UTO

The anti-Spectrin p120 neoepitope antibody was obtained from Merck-Frosst
(SVEALIK©-KLH; 24mg/ml. MF# G0021805K; aff, pur.). This antibody was used to
detect apoptosis by the caspase-3 produced alpha II spectrin 120kDa breakdown product.
Caspase-3 is specific to apoptosis, and not necrosis, and therefore, is a measure of the

apoptosis.
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Tissue sections were heated to 60°C for 1 hour. They were then deparaffinized by
treating 2x 5 minutes with histology grade Xylene (Fisher Scientific) and rehydrated by
soaking 2x 5 minutes in 100% ethanol, 2x 5 minutes in 95% ethanol, 3 minutes in 90%
ethanol, 3 minutes in 70% ethanol, 3 minutes in 50% ethanol, and finally 3x 5 minutes in
PBS + Triton (0.03%). The sections were then digested with Trypsin (0.05%) and
incubated at 37°C. The sections were washed with PBS + Triton (0.03%) and endogenous
peroxidases were blocked by incubating the sections in 3% H,0, for 30 minutes at room
temperature. The tissue sections were then incubated in diluted normal blocking serum
(Vectastain Universal Kit) for 20 minutes. The sections were incubated for 30 minutes in
primary antiserum (spectrin p120 antibody) diluted in buffer (1/100 dilution) overnight at
room temperature. The sections were washed in buffer, and then incubated for 30
minutes in diluted biotinylated secondary antibody solution (Vectastain Universal Kit) at
37°C. The sections were then incubated with Vectastain, incubated with DAB peroxidase
substrate kit (Vector Laboratories), and counterstained with Methyl Green dye. The

sections were then dehydrated and mounted using Permount (Fisher Scientific).

3.6 TUNEL labelling
The in situ cell death detection kit (Roche Diagnostics) was used to detect apoptosis by
terminal dUTP nicked end labelling (TUNEL) in serial sagittal sections of paraffin-

21NCU

embedded wildtype and Pax mutant kidneys.

Tissue sections were heated to 60°C for 1 hour, deparaffinized, and rehydrated. They

were then treated with 15 mg/ml Proteinase K in 10 uM Tris/HCL pH 7.5 for 20 minutes
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at room temperature. Next endogenous peroxidases were blocked by incubating the
sections in 2% H,0, for 20 minutes at room temperature. The tissue sections were then
incubated in labelling solution for 85 minutes at 37°C and washed 3 x 3 minutes with
PBS. Next the sections were incubated with the peroxidase converter for 60 minutes at
room temperature. Following 3 washes of 3 minutes each with PBS, the tissue sections
were incubated for 5 minutes at room temperature with DAB substrate solution (Vector
Laboratories), counterstained with methyl green and mounted using Permount (Fisher

Scientific).

3.7 Renal Parenchymal Loss Following UTO

3.7.1 Kidney Weights

Sutures were removed from excised obstructed kidneys, and both right and left kidneys
were drained of fluid, so that only dry weight was recorded. Kidneys were weighed with

a digital scale (Leica), and dry weights were recorded to the nearest hundredth of a gram.

3.7.2 Statistics
Using the InStat computer program, a Mann-Whitney test was performed to compare the

median weights of wildtype and mutant kidney weights for each interval of obstruction

(0, 5, 10, and 15 days).

The values entered into the program were not raw data, but rather Left Kidney Weight
divided by Right Kidney Weight to normalize for the fact that 1Neu animals have smaller

kidneys.
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4. RESULTS

4.1 Ontogeny of Pax-2 expression in wildtype mice

Pax-2, the developmental transcription factor is still expressed postnatally in the wildtype
mouse kidney as detected by western blot analysis. For every time point, four mice were
assayed, and the staining pattern was consistent in all four animals. By two weeks of age,
levels of Pax-2 protein expression begin to weaken, and by six weeks of age, Pax-2

protein expression is barely detectable in the mature wildtype mouse kidney (Fig. 4).

4.2 Pax-2 is re-expressed following UTO in wildtype mice
Following UTO in the six week old wildtype C3H mouse, Pax-2 protein is detected in
the collecting duct cells of the obstructed kidney, and not in the collecting duct cells of

the contralateral kidney, as shown by immunohistochemisty (Fig. 5).

Pax-2 protein levels were then measured by western blot and quantified. Each point
represents the mean of four individual animals. Expression levels in the obstructed
kidney increased as time of obstruction increased, and by 15 days of unilateral ureteral
obstruction, Pax-2 protein expression in the obstructed kidney neared fetal levels (Fig.6).

This sharp Pax-2 protein reactivation was not seen in the contralateral kidney.

4.3 Apoptosis following UTO in wildtype mice
The appearance of apoptosis was then tracked by TUNEL assay and by the novel anti-

spectrin antibody, and both methods revealed an increase in apoptosis in the collecting
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Figure 4: Ontogeny of Pax2 expression in the postnatal mouse kidney. Pax2, the
developmental transcription factor is still expressed postnatally in the wildtype mouse
kidney as detected by western blot analysis. By two weeks of age, levels of Pax2 protein
expression begin to fall, and by six weeks of age, Pax2 protein expression is barely
detectable in the mature wildtype mouse kidney. Each point represents the mean of 4
individual animals.



Obstructed Contralateral
Kidney Kidney

Figure 5: Pax2 expression in collecting duct cells. Using immunohistochemistry, Pax2
protein is detected in the collecting duct cells of the obstructed kidney, and not in the
contralateral kidney, following 10 days of UTO.
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Figure 6: Pax2 re-expression following UTO in wildtype mice. In the obstructed
kidney, Pax2 protein levels increased as time of obstruction increased. By 15 days of
UTO, Pax2 protein expression in the obstructed kidney neared fetal levels. The sharp

reactivation of Pax2 protein was not seen in the contralateral kidney. Each point
represents the mean of 4 individual animals.



duct cells of obstructed kidneys (Fig. 7). Ten different mice were assayed, and the
staining patterns were consistent in all animals. The heightened apoptosis is seen as early
as five days post-obstruction (Fig. 7A, D), and is most prominent by ten days of
obstruction (Fig. 6B, E). At 15 days of obstruction, spectrin staining was detectable, but
not as strong as 10 days of UTO (Fig. 7C). Likewise, apoptotic cells are visible, but are

not as abundant as they were at 10 days of UTO (Fig. 7F).

4.4 Renal Parenchyma Loss Following UTO in wildtype mice
There is significant renal parenchymal loss in the obstructed kidney of wildtype mice

compared to the contralateral kidney following fifteen days of obstruction (Fig. 8).

4.5 Pax-2 expression in wildtype versus 1Neu mice following UTO
Following UTO in 1Neu animals, there was an increase of Pax-2 protein as detected by
Western blot and by immunohistochemistry (data not shown), though it was not as

dramatic as seen as the increase in wildtype mice (Fig. 9A,B).

4.6 Apoptosis in wildtype versus 1Neu mice following UTO

Following UTO, there was a greater increase of apoptosis in 1Neu mice than in their
wildtype littermates as detected by TUNEL assay (Fig. 10 A,C) and by anti-spectrin p120

neoepitope antibody (Fig. 10B,D).

4.7 Renal Parenchyma Loss in wildtype versus 1Neu mice following UTO
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Figure 7: Apoptosis following UTO in wildtype mice. Heightened apoptosis is seen
as early as five days post-obstruction (A, D), and is most prominent by ten days of
obstruction (B, E). At 15 days of obstruction, spectrin staining was detectable, but
was not as strong as it was on day 10 of UTO (C). Likewise, TUNEL staining reveals
apoptotic bodies at day 15, but not as many as were seen at day 10 of UTO (F). Ten
mice were assayed for apoptosis, and staining patterns were consistent in each animal.
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Figure 8: Loss of renal parenchyma following UTO in wildtype mice. There is
significant renal parenchymal loss (27.61% loss) in the obstructed kidney of wildtype
mice compared to the contralateral kidney following fifteen days of obstruction (p =
0.002).
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Figure 9: Pax2 expression in wildtype versus 1Neu mice following UTO. Western blot
analysis of Pax2 protein expression following 5, 10, and 15 days of UTO (A). Following
15 days of UTO, 1Neu mice had a 181% increase of Pax2 protein from basal levels, while
wildtype mice had a 682% increase (p= 0.001) (B).



TUNEL Anti-Spectrin p120 epitope

Figure 10: Heightened apoptosis in 1Neu mice following UTO. Following 10 days of
UTO, there was a greater increase of apoptosis in 1Neu mice than in their wildtype
littermates as detected by TUNEL assay (Fig. 10 A, C) and by anti-spectrin p120
neoepitope antibody (Fig. 10B, D).



As seen in Figure 11A, there is scalloping of the medullary region in the wildtype kidney
following 15 days UTO. The kidneys of the 1 Neu mouse following 15 days of UTO
have enhanced medullary scalloping (Fig. 11B). Figure 11C reveals a greater renal
parenchymal loss in the 1Neu mice than in their wildtype littermates following 15 days
UTO. Left (obstructed) kidney weights were divided by right (contralateral) kidney
weights to normalize for the variation of renal mass among wildtype mice, and between
widtype mice and 1Neu mice. There is a 24% greater discrepancy between right and left
kidney weights in 1Neu animals (0.532) than in their wildtype littermates (0.698) (p=

0.04).
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Figure 11: Greater loss of renal parenchyma in 1Neu mice following UTO. Scalloping
of the medullary region in the wildtype kidney following 15 days UTO (A). Enhanced
medullary scalloping in the 1Neu kidney following 15 days UTO (B). (C) There is a 24%
greater discrepancy between right and left kidney weights in 1Neu animals (0.532) than in
their wildtype littermates (0.698) following 15 days UTO (p= 0.04).



5. DISCUSSION

Apoptosis is well-described in Urinary Tract Obstruction (Matsell 2002a; Matsell 2002b)

(Chevalier 2000; Chuang 2002) and seems to occur primarily in collecting duct cells

(Cachat 2003).

During kidney development, collecting duct cells are reasonably protected from
apoptosis by expression of various growth factors (e.g. GDNF) and transcription factor
genes (e.g. Pax-2). The latter is especially critical for optimal nephrogenesis. Previous
studies have shown that heterozygous PAX2 mutant mice undergo increased collecting
duct cell apoptosis during fetal life and that this limits the rate of branching

morphogenesis (Porteous 2000; Torban 2000).

Silverstein recently examined renal gene expression patterns during experimental UTO in
rats and noted reactivation of various “fetal” genes (2003). We hypothesized that Pax-2
might be among the genes reactivated during UTO and that this might serve to limit the

apoptotic damage.

To elucidate these events, we investigated the relationship between apoptosis and Pax-2
expression at varying time intervals following UTO in the mouse. In view of the value of
mutant mouse strains to define mechanisms of obstructive nephropathy, mice expressing
two copies of the Pax2 gene (wild-type) were compared with heterozygous animals that

expressed only a single functional copy of Pax2 (1Neu).

36



Ontogeny of Pax-2 expression in wildtype mice

The novel observations we have made regarding the effects of UTO on Pax-2 expression
and apoptosis should be taken in the context of an adult organ. This is underlined in our
ontogeny of Pax-2, which showed minimal expression of Pax-2 protein past 6 weeks of
age, but elevated levels of Pax-2 expression during the first few weeks of life in the
mouse. These findings are consistent with Pax-2’s role in renal development, where in

the mouse, most nephrons are formed postnatally (Chevalier 1999).

UTO Model

By interfering with renal growth and development, congenital urinary tract obstruction
constitutes one of the most important causes of renal failure in infants and children.
Obstructive nephropathy is also a significant cause of renal insufficiency in the adult.

Unilateral Ureteral Obstruction in the rodent is an established model of human

obstructive nehropathy (Chevalier 1999a; Chevalier 1999b).

Pax-2 is re-expressed following UTO in wildtype mice
Our studies demonstrate that Pax-2, a developmental transcription factor is re-expressed
in acute adult UTO. The increased expression of this gene after acute adult UTO mirrors

that of several other genes in this condition, including EGF, rennin, clusterin and TGF-3

(Chevalier 1996).

Pax-2 expression in wildtype versus 1Neu mice following UTO
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In 1Neu mice, Pax-2 reactivation following UTO was apparent, but minimal. Because

these mice carry only one functional copy of the PAX2 gene, this was expected.

During development, 1Neu mice have increased apoptosis in the cells of the ureteric bud,
and this results in the 1Neu mice having smaller kidneys at birth with reduced ureteric
bud branching. Following UTO, it seems that this developmental episode recurs, as 1Neu

animals are compromised once again, with only one competent copy of the PAX2 gene.

Apoptosis following UTO in wildtype mice

Programmed cell death is increased with ongoing unilateral UTO, based on TUNEL
labelling and anti-spectrin p120 neoepitope staining. The Contralateral kidney did not
show this dramatic increase in apoptosis. There is much debate over the accuracy of
TUNEL labelling, and its exclusivity for measuring apoptosis, and this was the reason for

carrying out a second assay for apoptosis.

In this study, we used a novel anti-spectrin antibody, which recognizes an epitope of
Spectrin (p120) that is revealed only with apoptotic cleavage. This second marker of

apoptosis confirms the TUNEL results.

Our waves of apoptosis are detectable at day 5, but become maximal at day 10, with
resultant evidence of tubular atrophy and parenchymal loss by day 10-15. These findings

correspond to those found in the literature (Cachat 2003).
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Apoptosis in wildtype versus 1Neu mice following UTO
The Pax-2'"™" mouse’s heightened susceptibility to apoptosis in UTO echos what was
seen in development. In the developing kidney, Pax-2'"" mice have suboptimal

branching of their ureteric buds, associated with collecting duct apoptosis (Porteous

2000).

Renal Parenchyma Loss in wildtype versus 1Neu mice following UTO
It was our hypothesis that if Pax-2 reactivation during acute UTO partially protected
against apoptosis, then 1Neu mice, with only one functional copy of the PAX2 gene,

would have more apoptosis and greater renal parenchymal loss.

Along with increased apoptosis, greater parenchymal loss was seen in the 1Neu mouse
than in the wildtype mouse during UTO. This confirms the partially protective function

of Pax-2 in response to obstructive injury.

Conceivably, in humans there is variation in the degree to which Pax-2 or other anti-
apoptotic genes are re-expressed, in which case there might be variation in the extent of

apoptotic damage from individual to individual.

Possible mechanisms by which UTO leads to altered Pax-2 expression
One possibility is the increased pressure within the fetal urinary tract in UTO. Perhaps
this physical stress, through increased axial strain, triggers the aberration of cell biology

and the re-expression of Pax-2. There have been several such studies on detrusor and
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other cells harvested from adults. Cachat reported that mechanical strech leads to

increased apoptosis of both vascular smooth muscle and renal epithelial cells (2003)

A second possibility is the inflammatory process that occurs in UTO. Perhaps Pax-2
contributes to curb the interstitial inflammatory process that occurs in chronic neonatal
UTO by asserting its role in cell viability by regulating apoptosis. Silverstein revealed
changes in protein abundance for immune modulator genes, but that the activation of
these genes was not statistically significant (2003). Elucidation of specific immune
modulators genes and their effects on Pax-2 may lead to new insight in pathogenesis and

management of congenital obstructive nephropathy.

Implications

As we begin to understand the molecular events responsible for these changes it will be
important to define their relative roles in compromising postnatal renal function. Not
only will the timing of release of obstruction be important in future intervention in these
processes but also strategies to restore normal developmental gene and protein patterns in

the developing kidney.

Several discrete developmental roles for Pax-2 have been identified. In the MM, Pax-2
activates GDNF expression (Brophy 2001), but in the nephric duct it may influence cell
fate specification (Bouchard 2002). An anti-apoptotic function for Pax-2 in the branching
ureteric bud (UB) of developing kidney was recently identified, where heterozygous Pax-

2! mice have suboptimal UB arborisation associated with elevated apoptosis of UB
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cells (Porteous 2000; Torban 2000). Our studies have confirmed the partially protective
function of Pax-2 in response to obstructive injury. Conceivably, in humans there is
variation in the degree to which Pax-2 or other anti-apoptotic genes are re-expressed, in
which case there might be variation in the extent of apoptotic damage from individual to

individual.

Novel future approaches to interfere with renal injury resulting from acute UTO may
include treatment with growth factors or antioxidants. Alternative approaches may
involve gene therapy and the inhibition of the intracellular regulatory switches.
Increasing endogenous levels of Pax-2 (or other anti-apoptotic genes) could significantly

reduce renal parenchymal loss following acute UTO.

Furthermore, we speculate that, caspase-inhibitory drugs (such as those currently in
development to limit tissue damage in stroke and heart attack), when endogenous

protective mechanisms are inadequate.

Conclusions

Studies have previously confirmed some of the animal data as being relevant to human
disease. For example, apoptosis and related genes are dysregulated in human dysplastic
kidneys. Experimental animal models that closely simulate human development and
disease will, thus, be essential for exploring these issues, and for assessing novel fetal

therapies for future human application.
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Our overall knowledge of gene expression in the human obstructed kidney is
rudimentary. Nonetheless, the advent of strategies geared towards aversion or reversion
of key cellular apoptotic events will undoubtedly be significant in maintaining function

in or preventing end stage renal disease.

The challenge now will be to define the genetic regulatory cascades altered by urinary

tract obstruction and the pathways that link them. This exciting area of research will lead

to potential disease modifiers and have profound therapeutic implications.
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). Descnpnon of Animals: ;. . U e R IR s o e e
Sp/stram 1 Sp/strain 2 | Sp/strain 3 Sp/stram 4 Sp/strain S Sp/strain 6

Species Mouse Mouse Mouse Mouse Mouse Mouse

Supplier/Source Charles River | Charles River | MCH %gg and ﬁ(c}g and ﬁg}? and

Strain C3H CD1 CDUINen | C3H/INew | C3tU/paxdpro/ | C3H/pax2prof

Bax Bcl-2

Sex M/F M/F M/F M/F M/F M/F

Age/Wt 3-12 months 3-12 months 0-18 months 0-18 months | 0-18 months 0-18 months

# To be purchased | 20 8 0 0 0 0

#Produced by in- 1, 0 120 250 200 200

house breeding

# Other

{e.g.field studies) 0 0 0 0 0 0

#needed at one time LIO 5 8 8 l'g 8

# per cage 3-5 35 3.5 3-5 323 3.5

TOTAL# /YEAR 100 20 120 250 | 200 200 {

Quaiitv Controt Assurance; To prevent introduction of infectious diseases into animal facilities, a health status report or veterinary
inspection certificate may be required prior to receiving animais from all non-commercial sources or from commercial sources whose
animal health status is unknown or questionable. Quarantine and further testing mav be required for these animals.

a):Please justify:the. number of: ammals requested for each species described in-the table 6c above, BASED ON'THE
EXPER]MENTAL OBJECTI_YES OF THE PROJEC‘I‘ Include mformatlon on expenmental and control groups, #per

wilk expand asmeeded),

We have successfully produced 2 dlﬁ'erem transgenic mouse strains expressing Bax and Bcl 2 genes onlv in tissues whxch
normally express PAX2 during development (by using 2 PAX2 promoter). We are currently completing the studies of these
mice which are unique in the world. The numbers above reflect our estimate of the minimal safe number of mice 10 maintain a
small colony until studies are complete - given the fact that the occasional Bax animal seems 1o be relatively infertile. given the ;
occasional skewed representation of sex and genotypes within a given litter and given the fact that we will sacrifice pregnant
mothers at various stages to obtain fetal kidneys for study. These number also take into account the fact that only haif of the
progeny from any given litter will be positive for the ransgene, therefore the numbers include the entire litter, from which the
wildtype will be euthanized upon results of the genotyping. Similarly, we must maintain the 1Neu colony for interbreeding
with C3H/pax2pro/Bcl2 mice to complete our funded studies - the McGill 1Neu colony is one of four colonies in the world.
Also, the maintanance of the INeu mouse colony will be required to provide Dr. Roman Jednak with animals for his '
obstruction study (protocol #4530). Both the completion of the C3H/pax2/Bcl2/1Neu study and animals provided for Dr.

Jednak's obstruction study reflect the large number of C3H/1Neu animals required.

.Test:Agents.or
Z;Procednres

-of Animals:and :

pecies Per Grouj

Other variables:(i.e:-ses
: We!ght, genotvpes,etc.

Sluce we smdv the developmem of the kidney as well as developmemal defects affecting the kidney, 1t is unperauvc that we

use an vertebrate ammal model since most cell cultures cannot provide us with the useful details of organ development.
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Project: Effect of PAX genes on kidney development and function

Strain #
Species Mouse
Supplier MGH and MCH
Strain C53H/PAXZpro/Bel2/1Neu
Sex M/F
Age/Wt 0-18 months
# Produced by 200

in-house breeding 0
# needed at one time $
>

tn

00

Zper cage
TOTAL/Year



- ©) Describe the characteristics of the:animal species selected that:justifies its use in- the:proposed study (consider i
- characteristics such’as body:size; ecies; strain; data froi s'studies or unique anatomic/physiological features) |
All experiments involve mice bearing a mutant PAX2 gene (comparable to human children with smalil kidneys and the same
mutation) or mice bearing transgenes which modify the extent of kidney cell apoptosis during development. 1Neu mice have
proven to be a perfect modet of the human Renal-Coloboma-Svndrome, allowing us to work out the cause of renal hypoplasia
that can't be studied antenatally in humans. The transgenic animals are unique toois that we generated in order to further study

the role of apoptosis during kidney development. These models will help delineate the molecular mechanisms of renal |
hypoplasia.

8. Animal Husbandry and Care

a) Special cages NO X YES (] Specify:
Special diet NOXI  YES [J Specify:

Special handling NO [J  YES [X] Specify: timed breeding

b) Is there any component to the proposed procedurcs which will result in immunosuppression or decreased immune !
function (e.g. stress. radiation. steroids, chemotherapeautics, genetic modification of the immune system)? i

NO YES (] Specify:

c)
Multiple institution facility housing: NO [J  YES [X
Indicate all facilities where animals will be housed: Building: MGH Room No: 13th floor
F5i11.2
adicate area(s) where animal use procedures will be MCH. Place animal
conducted: Building: Toulon Room No: room #3

If animal housing and animal use are in diffcrent locations, briefly describe procedures for transporting animals:

All animals will be directly transported by new, autoclaved. filtered boxes. picked up and directly deliverd by students using
air conditioned vehicles from the MGH directly to the MCH after approval has been obtained from the MCH place toulon i
animal facilitv. The MCH facilitv supervisor will be advised of incoming animals 1-2 davs in advance. l

- Complete this section if you.plan to use:any.of the UACC SOPs listed below. IT IS UACC POLICY THAT THESE
' SOPSBE USED WHEN APPLICABLE. Any proposed variation-of the SOPs must:be-described and:justified. The:
..'Standardi:Operating;Proce'dnres:.ca_nibe.found'nt:'theéUACC'wehsitef“ www.megill.ca/reo/snimals Thi i:bmpletedg-and--

signed SOP form must be attached to-the protocol.

Check all:SOPs that will bensed:.

Blood Collection (UACC#1) [ | Production of Monocional Antibodies (UACC#7)  []
Anaesthesia (rodents) (UACC&2 ) O Production of Polvclonal AntibodiesCUACC#S ) O
Analgesia (rodents/larger species) (UACC#3 ) O Collection of Amphibian Qocytes (UACC#9 ) d
Breeding (transgenics/knockouts) (UACC#4) X Rodent Surgery (UACC#10) a |
Transeenic Ge . - | Neonatal Rodent Anaesthesia and Euthanasia

genic Generation (UACCHS ) O (UACCH11) O
Knockout/in Ge . Stereotaxic Survival Surgery in Rodents

ut/in Generation (UACC#6 ) d (UACCH12) |

1) FOREACH EXPERIMENTAL GROUP, DESCRIBE ALL PROCEDURES AND TECHNIQUES IN THE
ORDER IN WHICH THEY WILL BE PERFORMED - surgical procedures. immunizations, behaviourai tests,
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immobilization and restraint. food/water deprivation, requirements for post-operative care, sample collection,
i substance administration, special monitoring; etc. IF A PROCEDURE IS COVERED BY AN SOP, WRITE “AS
: PER SOP”, NO FURTHER DETAIL IS REQUIRED. Appendix 2 of the Guidelines provides a sample list of points
l that should be addressed in this section. .

To maintain minimal colonies of 1Neu . Bax and Bcl-2 strains mentioned above. we will dock tails of pups at no more

than 3 weeks; tail tissues will be used for genotyping each animal. For all strains above, we will breed one male with 2-3

! females overnight in a single cage, checking for plugs and separating the animals the following morning. Preganacy will
be detected by inspection and monitoring weight. For C3H/I1Neu. CD1/1Neu. C3H/pax2pro/Bax. C3H/pax2/bcl2

: C3H/pax2/Bcl2/1Neu strains. pregnant females and their fetuses will be sacrificed berween the gestational ages of E11 and

i E19 in a CO2 chamber and fetal kidneys will be excised for tissue analysis. In experiments. involving the the supply of

mice for Dr. Jednak. C3H/INeu females will be allowed to come to term, pups will be weaned and genotyped at 5 weeks

of age as described above. Once the genorype has been confirmed. Dr. Jednak will be responsible for the transportation of

the mice to the Children's Hospital animal facility.

|'b) Field Studies — Provide all relevant details. Procedures to be conducted (e.g. surgery, blood collection, tagging etc.)
should be described above.

Method of capture/restraint, duration of captivity. potential injury/mortality, monitoring frequency:
Transportation and /or housing of animals in the field:

' Special handling required:

‘ Capture of non-target species. potential injury/mortality:

Will captured animals be released at or near the capture site YES (] NO [
If not, specify if they will be relocated to other locations and/or populations.

: Describe any potential ecological disruption this study may cause:

i It is the responsibility of the investigator to obtain all necessary permits for work with wildlife. Copies of these permits
must be forwarded to the Research Ethics Officer (Animal Studies) when they are obtained.

i
c) Pre-Anaesthetic/Anaesthetic/Analgesic Agents: List all drugs that will be used to minimize pain, distress or ;
discomfort. Table will expand as needed. (*complete 1* column pressing ‘enter’ after each species, then 2™ column...) |
i
|
i

Species Agent i Dosage (mg/kg) | Total volume(mi) per -  Route Frequency
| administration

! ! i | |
| | | | | |
I d) Administration of non-anaesthetic substances: List all non-anaesthetic agents under study in the experimental |
. component of the protocol, including but not limited to drugs, infectious agents, viruses (table will expand as needed).

| (*complete 1* column pressing ‘enter’ after each species, then 2™ column...) |

' Species ' Agent i Dosage (mg/kg) Total volume (ml) per Route Frequency
I

: administration

|
, i
| i
| |

: e) Endpoints: 1) Experimental - for each experimental group indicate survival time .
. 2) Clinical - describe the conditions, complications, and criteria (e.g. >20% wt.loss, tumour size,
'+ vocalizing, lack of grooming) that wouid lead t6 euthanasia of an animal before the expected completion of the

__experiment (specify per species and project if multiple projects involved).
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1. Experimental: sacrifice INeu and transgenic pregnant females once fetuses have reached desired gestational age (E11-E19), |
sacrifice transgenics after 6 months, 9 months and 1 vear to examine kidney tissues. survival of pregnant 1 Neu female for the
production of 1Neu pups
2. Clinical: animals are observed once/day and monitored bi weekly for food and water intake. Animals are also, weighed once
a week. Clinical endpoints leading to euthanasia would include weight loss, lack of food or water intake. loss of excessive hair.

" injury from fighting and behavioral abnormalities.

Specify person(s) who will be responsible for animal monitoring and post-operative care
Name: Tatiana Vassilieva Phone#: 412-4400 ext. 22953

' ‘anhs_ia;éﬁgt,ordingzto:ACCAC..guideﬁnes;.ajustifiéatid :rmps{f:beg-prq\ridéd' ]

CO2 chamber as recommended by CCAC

Specify Species

anaesthetic overdose, list agent/dose/route:

exsanguination with anaesthesia, list agent/dose/route:

decapitation without anaesthesia [_|decapitation with anaesthesialist agent/dose/route:

cervical dislocation

CO, chamber

Mouse

other (specify)

O0OxOOOaa

not applicable (explain)

B[] c D X E ]

Categories of Invasiveness (from the CCAC Categories of Invasiveness in Animal Experiments). Please refer to this document for a
more detailed description of categories.
Category A: Studies or experiments on most invertebrates or no entire living material.

ategorv B: Studies or experiments causing little or no discomfort or stress. These might include holding animals captive, injection,
perau:n‘;ou‘si blood sampling, accepted euthanasia for tissue harvest, acute non-survival experiments in which the animals are completely
anaesthetize:
Categorv C: Studies or experiments involving minor stress or pain of short duration. These might include cannulation or
catheterizations of blood vessels or body cavities under anaesthesia, minor surgery under anaesthesia, such as biopsy; short periods of
restraint, overnight food and/or water deprivation which exceed periods of abstinence in nature; behavioural experiments on conscious
animals that involve short-term stressful restraint
Categorv D: Studies or experiments that involve moderate to severe distress or discomfort. These might include major surgery under
anaesthesia with subsequent recovery, prolonged (several hours or more) periods of physical restraint; induction of behavioural stresses,
immunization with complete Freund’s adjuvant. appiication of noxious stimali, procedures that produce pain, production of transgenics {
(in accordance with University policy).
Categorv E: Procedures that involve inflicting severe pain, near, at or above the pain threshold of unanaesthetized, conscious
animals. Not confined to but may include exposure to noxious stimuli or agents whose effects are unknown; exposure to drugs or
chemicals at levels that (may) markedly impair physiological systems and which cause death, severe pain or extreme distress or physical
lrauma on unanaesthetized animals. According to University policy, E level studies are not permitted.

No hazardous mafeﬁais will be used in this study: (X

a) Indi.cate which of the following will be used in animals:
[IToxic chemicals [ORadioisotopes (JCarcinogens  [JInfectious agents [(ITransplantable tumours

b) Complete the following table for each agent to be used (use additional page as required).

|_Agent
age
Route of administration

Frequency of administration
Duration of administration
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i Number of animals involved l P “ |

| Survival time after administration | | |
|

¢) After administration the animals will be housed in: (] the animal care facility
: dd laboratory under supervision of laboratory personnel
|__ Please note that cages must be appropriately labeled at all times. '

d) Describe potential heaith risk (s) to humans or animals:
none

e) Describe measures that will be used to reduce risk to the environment and all project and animal facility personnel:
i N/A
L




MCGILL UNIVERSITY
UNIVERSITY ANIMAL CARE COMMITTEE

Standard Operating Procedure #UACC-4 'April 2002 form
TRANSGENIC OR KNOCKOUT /IN MOUSE BREEDING

1. INTRODUCTION
Standard Operating Procedures (SOPs) provide a detailed description of commonly used procedures. SOPs offer
investigators an aiternative to writing detailed procedures on their protocol forms. Any deviation from the approved
procedures must be clearly described and justified in the Animal Use Protocol form (AUP). Approval of the protocol
indicates approvat of the deviation from the SOP for that project only. A signed SOP form (pages up to signature
only) must be attached to the AUP form. The relevant SOP number must be referred to in section 9 of the AUP.

2. INFORMATION REQUIRED

2.1 Species/strain(s): (can refer to column number from section 6¢ of main protocol) |
Mouse
Background strain: ;
C3H -
; DNA construct injected:
Mouse Bax cDNA under control of the PAX2 promoter
Gene locus removed:

2.2 Supplier: Please include a complete address. contact person. phone. fax and email information. Note that a
Certificate of health must be avaitable to FACC personnel PRIOR to animal arnval. I
1. Commercial:

2. Academic: Transgenics produced with J-P Julien at Montreal General animal facility
(transgenic service)

2.3 Phenotype: Include any trait included in a published article or reported to you by the onginating investigator i

that may affect either the breeding, physical ability of the animal to move, eat or drink. or result in a decreased

lifespan. i
1. Heterozygotes: Bax transgenic mice are phenotypically comparable to PAX2 heterozygotes
with mild renal hypoplasia. but no evidence of distress, such as weight loss. dehvdration or

behavioral abnormalities

2. Homozygotes: Since we are working with transegenics, we are not breeding animals to generate

|
|
| the transgene to be present in a homozygote fashion !

2.4 Breeding: Pregnant females will be caged individually near the time of the expected birth and the date and
number of pups bom marked. (For identification of oups: see below)

Pregnant females will be caged individually near the time of the expected birth and the date and
number of pups born marked. Prior to 3 weeks of age, the pups will be weaned and ear tagged for
identification and a portion of the tail (0.5 cm max.)will be docked for DNA analyses.

Describe number of breeding pairs required: Small colonies will be maintained of
C3H/pax2pro/Bax as described in the renewal application. 3-6 breeding pais will be used at one
time in order to generate the animals that are required.

2.5 There are changes to this SOP indicated in the AUP form: ] YES E NO




MCGILL UNIVERSITY
UNIVERSITY ANIMAL CARE COMMITTEE

Standard Operating Procedure #JACC-4 April 2002 form

1.

TRANSGENIC OR KNOCKOUT /IN MOUSE BREEDING

INTRODUCTION

Standard Operating Procedures (SOPs) provide a detailed description of commonly used procedures. SOPs offer
investigators an aiternative to writing detaiied procedures on their protocol forms. Any deviation from the approved
procedures must be cleariy described and justified in the Animai Use Protocol form (AUP). Approval of the protocol
indicates approval of the deviation from the SOP for that project only. A signed SOP form (pages up to signature
only) must be attached to the AUP form. The relevant SOP number must be referred to in section 9 of the AUP.

INFORMATION REQUIRED

2.1 Species/strain(s): (can refer to column number from section 6¢ of main protocol)
Mouse
Background strain:
C3H/1Neu
DNA construct injected:
Human Bcl-2 ¢cDNA under control of the PAX2 promoter
Gene locus removed:

1
i

—

2.2 Supplier: Please include a complete address. contact person. phone. fax and email information. Note that a
Certificate of health must be available to FACC personnel PRIOR to animal arnval.
1. Commercial:

2. Academic: Transgenics produced with J-P Julien at Montreal General animal facility
(transgenic service)

 lifespan.

2.3 Phenotype: Include any trait included in a published article or reported to you by the originating investigator
that may affect either the breeding, physical ability of the animal to move, eat or drink, or result in a decreased

1. Heterozygotes: we are currently still investigating these mice and are not ready to comment !
of any phenotypic abnormalities however. so far there is no evidence of distress, such as
weight loss. dehvdration or behavioral abnormalities

2. Homozygotes: Pax2 homozygotes are lethal and continue to be so, even with the expression of
the Bcl-2 trasngene under the control of the PAX2 promoter.

| Describe number of breeding pairs required: Small colonies will be maintained of

2.4 Breeding: Pregnant females will be caged individually near the time of the expected birth and the date and

number of pups bom marked. (For identification of pups: see below)

Pregnant females will be caged individually near the time of the expected birth and the date and
number of pups born marked. Prior to 3 weeks of age, the pups will be weaned and ear tagged for
identification and a portion of the tail (0.5 cm max.)will be docked for DN A analyses.

C5H/pax2pro/Bcl2/1Neu as described in the renewal application. 3-6 breeding pais will be used at
one time in order to generate the animals that are required.

i
i
i

2.5 There are changes to this SOP indicated in the AUP form: [ ] YES g NO




2.

OCKOUT//IN;MOUSE BREEDING

tandard Operaing Brocedures (SOPs):provide a detailed description of commorty Ui  offer
nvestigators“an-aftemative to writing detailed procedures-on their protocol forms.“Any.deviation from the approved ~ _
~procedures mustbéclearly described and justified in the Animal.Use Protocol form (AUP).- Approval of the protocol
\':._indicates_ approvﬁ.'éf the deviation from the SOP for that project only. A signed SOP form (pages up to signature
“only) mist be attached to the AUP form. The relevant SOP number must be referred to in section 9 of the AUP.

UM 0
INFORMATION REQUIRED

2.1 Species/strain(s): (can refer to column number from section 6c of main protocol) .
Mouse - :
Background strain:
C3H and CD1
DNA construct injected:

Gene locus removed:

The 1Neu mouse was discovered due to a spontaneous mutation, which was an insertion of a single
nucleotide “G" in exon 2 of the PAX2 locus. This causes a frameshift mutation which results in a truncated
protein. .

2.2 Supplier: Please inciude a complete address, contact person, phone, fax and email information. Note that a
Certificate of health must be available to FACC personnel PRIOR to animal arrival.
1. Commercial: o
2. Academic: These animals were first provided from collaborators in Germany 6 years ago
and have since been rederived here at the MCH-RI animal facility.

2.3 Phenotype: Include any trait included in a published article or reported to you by the originating investigator
that may affect either the breeding, physical ability of the animal to move, eat or drink, or result in'a decreased
lifespan.

1. Heterozygotes: PAX2 heterozygotes present with mild renal hypoplasia, and on occasion
ocular colobomas however they don't seem to present with anyevidence of distress, such as
weight loss, dehydration or behavioral abnormalities

2. Homozygotes: homozygotes are embryonic lethal

2.4 Breeding: Pregnant females will be caged individually near the time of the expected birth and the date and
number of pups bom marked. (For identification of pups: see below)

Pregnant females will be caged individually near the time of the expected birth and the date and
number of pups born marked. Prior to 3 weeks of age, the pups will be weaned and ear tagged for
identification and a portion of the tail (0.5 cm max.)will be docked for DNA analyses.

Describe number of breeding pairs required: Smail colonies will be maintained of CD1/ INeu,
C3H/1Neu, as described in the renewal application. 3-6 breeding pais will be used at one time in
order to generate the animals that are required.

2.5 There are changes to this SOP indicated in the AUP form: [] YES

FACEE

-provide a 'detailed description of commonly used procedures. SOPs offer - =~ - =~ -~
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