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ABSTRACT

Nedd4-2 (NEDDA4L, neural precursor cell expressed, developmentally down regulated 4-like)
belongs to the Nedd4 family of ubiquitin ligases. These ligases aid in maintaining cellular
homeostasis by binding to, and ubiquitinating a number of membrane proteins to initiate their
internalization and turnover. Previous work from our laboratory has suggested that Nedd4-2
plays an essential role in regulating ion channels, especially the epithelial sodium channel and
voltage gated sodium channels. The misregulation of these channels has been implicated in
multiple channelopathies, including hypertension and cystic fibrosis like disease. This study

characterises a previously unknown function of Nedd4-2 in the kidney.

In order to understand this significance of Nedd4-2 in renal homeostasis, the previously
generated Nedd4-2"" (Nedd4-2 knockout) mice (Boase et al., 2011) were characterised. The
initial histological examination of postnatal kidneys suggested renal cyst formation in Nedd4-
2" animals. Further analysis revealed that Nedd4-2 loss results in renal dysplasia. Nedd4-2"
mice showed variable renal cystic index, onset of cyst formation starting from postnatal day 2
and progressing until the Nedd4-2"" animals die due to respiratory distress around day 19-21.
To investigate the prevalence of the cystic phenotype in other tissues histological analysis
was performed in pancreas, liver, spleen, colon, stomach and thymus with no significant

pathological differences observed in the knockout mice.

The Nedd4-2" kidneys showed increased cell proliferation, with no apoptotic differences in
the cells lining the cystic epithelia suggesting an imbalance between cell proliferation and
apoptosis in cyst formation. The cyst formation and kidney development disorders are
associated with malformation in the kidney tissue leading to extracellular matrix modification

with enhanced accumulation of collagens causing increased interstitial fibrosis. The Nedd4-2



" kidneys showed increased interstitial fibrosis, collagen-1 accumulation and expression
during progression of the disease. The renal tissue membrane is made up of polysaccharides,
glycogen and mucin, the Nedd4-2"" kidneys were found to have decreased accumulation of
polysaccharides. The cysts in the Nedd4-2"" kidneys originated from different parts within the
nephron. The larger cysts originated from loop of Henle and with the smaller cysts from
collecting ducts and distal convoluted tubules. The cystic progression is dependent on cAMP
flux initiated by fluid secretion within the cyst. The postnatal day 19 cystic kidneys in Nedd4-
27 animals showed increased cAMP levels suggesting cystic disease progression. As renal
cystic disorders may arise from abnormal cilia, ciliary anomalies were found in the Nedd4-2"

around the cysts suggesting importance of cilia in kidney cyst formation.

Polycystins are known to be involved in renal cyst development with polycystin-1 and
polycystin-2 together known to form calcium ion channel. To investigate the role of Nedd4-2
in the regulation of these polycystins, in vitro and in vivo studies were conducted. In vitro
studies suggested that depletion of Nedd4-2 results in increased expression of polycystin-1 on
the cell membrane with a decrease in polycystin-2 levels. Further, polycystin-1 was found to
be ubiquitinated by Nedd4-2 in vitro providing the first evidence of Nedd4-2-mediated
regulation of polycystins. In vivo Polycystin-1 was up-regulated in the Nedd4-2"" kidneys

suggesting an important role of Nedd4-2 in regulation of polycystins in cyst formation.

To analyse the transcriptional signature of the phenotype seen in the knockout kidneys,
postnatal day 19 kidneys from wild-type and Nedd4-2" mice were subjected to RNA
sequencing highlighting 537 genes that were differentially expressed between wild-type and
knockout kidneys, with 167 genes down-regulated and 370 genes significantly up-regulated

in the absence of Nedd4-2. DAVID and Ingenuity pathway analyses was used to highlight the

II



importance of genes involved in extracellular matrix modification, cell junction formation
and cell-cell communication. The work presented in this thesis thus provides new information
on the pathophysiological role of Nedd4-2 in kidney and identifies polycystin-1 as a Nedd4-2
target, along with transcriptional changes which may partially explain the cystic phenotype

associated with renal dysplasia.
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Thesis Structure

This thesis contains already published work and unpublished work in the structure described
below:

Chapter-1: Section 1.3.2, 1.3.3 (part), 1.3.4- 1.3.5, 7 and 8 are unpublished and provide the
initial review of the literature and the context of the study related to the topic of the thesis.
Sections 1 (1-1.1, 1.2-1.3, 1.3.3-1.3.4, 2-7 are part of the published review providing insights
on the study on Nedd4-2.

GOEL, P., MANNING, J. A. & KUMAR, S. 2015. NEDD4-2 (NEDDA4L): The ubiquitin
ligase for multiple membrane proteins. Gene, 557, 1-10.

Chapter-2: This chapter consists of the characterisation of the Nedd4-2 knock out kidney
phenotype, with introduction consisting of relevant literature on the renal disorder, materials
and methods described in detail the methodology of the chapter results, the results on the
kidney phenotype characterisation and discussion summarising the major findings with their
relevance and limitations

Chapter-3: This chapter consists of the role of polycystins and their potential regulation by
Nedd4-2 and its physiological relevance in context to Nedd4-2 knock out kidneys , with
introduction consisting of relevant literature on the polycystin structure and function,
materials and methods described in detail the methodology of the chapter results, the results
describing the potential role of polycystin in context to Nedd4-2 mediated regulation and
discussion summarising the major findings and limitations with their relevance to the given
study.

Chapter-4: This chapter consists of differential gene expression analysis of Nedd4-2 knock
out kidneys and their relevance in context to renal dysplasia (Nedd4-2 kidney phenotype),
with introduction consisting of relevant literature on the next generation sequencing used
prior to understand the disease as a model system, materials and methods described in detail
the methodology of the chapter results through bioinformatics approaches, the results
describing the potential role of genes and the pathways in context to Nedd4-2 mediated
regulation and discussion summarising the major findings and limitations with their relevance
to the given study.

Chapter-5: This chapter comprises of the overall summary of the major findings of the thesis

and the linkage between the chapter 2, 3 and 4. This further discusses the limitations of the
study and the future perspective in relevance to the given study undertaken.
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