
Kidney


	Takehome Messages:

     - Kidney is derived from intermediate mesoderm
     - Uretic bud tip as a classical inducer

     - Reciprocal induction between bud tip and blastema

     - many growth factors are involved

NEPHRON ANATOMY

     Urinephrous tubule:

            - Nephron – from blastema

            - Collecting Ducts – from uretic bud of mesonephric duct

     Nephron = renal corpuscle + proximal, distal tubules

          corpuscle = Bowman’s capsule + glomerulus (capillaries)

                  Bowman’s capsule:  visceral portion is lined w/ podocytes
                                                (parietal is ss epithelium)
                  Glomerulus:  thick basement membrane – filtration barrier

                                        site of genetic disease

           vascular pore – where glomerular vessels enter corpuscle

           urinary pore – where distal convoluted tubule leaves
DEVELOPMENT:

   PRONEPHROS – 

         mesenchymal ( epithelial transition of intermediate mesoderm

         tube formation progresses anterior ( caudal

                  - duct induces adjacent mesenchyme to form pronephric 

                     kidney tubules  (no function in mammals)

   MESONEPHROS – 

           forms in the nephrogenic cord (separate from wolffian duct)
           mesonephric tubules = nephrotomes
                 connected via mesonephric (WOLFFIAN) duct

                 duct empties into urogenital sinus (bladder + urethra)
                 Wolffian duct persists in male reproductive system

   METANEPHROS – 

            ureteric bud emerges from Wolffian duct and grows dorsally

                  eventually forms URETER and COLLECTING DUCTS

                  induces mesenchyme to form nephrons

                  nephrons then induce branching of bud (reciprocal ind.)

CLASSICAL INDUCTION – 

        distal tip of ureteric bud induce BLASTEMA formation

                blastema (aka nephron vesicle) ( nephron

                tips of distal tubules eventually connect to collecting tubule

RECIPROCAL INDUCTION – 
        nephron-forming tissue induces branching of the bud

        leads to formation of 1-million nephrons

         blood vessels follow ureteric bud ( glomeruli
TERMINAL DIFFERENTIATION – 

        tubules elongate
        epithelial cell polarity

        pump/channel expression

BIOLOGY OF INDUCTION – 

     requires CONTACT between metanephric mesenchyme and 

                                                     ureteric bud

     several growth factors, TF’s, and receptors are required

   1)  Intermediate mesoderm mesenchyme ( epithelial tube:

        - they express several TF’s:

              LIM1 – necessary for mesenchyme ( epithelial tube

              PAX2 – maintains gene expression in posterior

                            for nephric duct and kidney primordia

              **properly localized expression requires opposing signals**

                       ecotoderm – BMP activates Lim1 expression
                        somites – also activates expression

    2) Bud Branching:

          3 types of cells involved:  

           - ureteric bud, condensed mesenchyme, stromal cells

       - requires GDNF from mesenchyme 
                member of TGF-B signaling family

                expressed prior to ureteric bud invasion

                 sufficient for ectopic ureteric bud outgrowths
                GDNF regulation

                 positive – WT1, Pax2

                 negative – FoxC1, FoxC2

       - GDNF receptor = Ret (on tip of ureteric bud)
                inhibited caudally by BMP4 
                Ret activates differentiation pathways via MAPK, PI3

                                      (cell migration, extension of cellular 

                                       processes, cell-ECM interactions)

               Bud also produces FGF2, BMP7 (
                     mesenchymal + stromal proliferation

  - Stromal cells secrete RAF’s in response to retinoic acid
                RAF’s maintain high levels of Ret in the bud tip

         leading edgs of ureteric bud dilates to form AMPULLA
                requires EMX2, SALL1
   3)  Metanephric Mesenchyme ( epithelia

             WNT4 – expressed in mesenchyme after bud invasion

                         - activates expression of epithelial adhesion molecules
                              (pattern of adhesion molecule expression changes 

                               over time)
SUMMARY:  

· GDNF produced by the blastema induces branching of the ureteric bud

· GDNF expression is controlled positively and negatively

· GDNF binds to Ret on the tip of the bud ( branching

· Bud secretes growth factors that affect the survival, proliferation, and differentiation of mesenchymal and stromal cells

· Stromal cells secrete a number of molecules that contribute to the survival and proliferation of both the mesenchymal and epithelial cells

DISORDERS OF KIDNEY DEVELOPMENT – 

Autosomal Dominant Polycystic Kidney Disease

        very common 

        due to kidney cysts that destroy renal parenchyma

         mutations in PKD 1,2,3 (encode polycystin-I - TM protein)

         PKD1-2 complex control epithelial survival/apoptosis

Wilms’ Tumor, Aniridia, Genitourinary malformation, Retardation

        due loss-of-function mutations in WT-1 (txn repressor)

        Wilms’ tumor – malignant tumor from metanephric blastema

Denys-Drash – due to gain of function in WT-1 (inc repression)

        podocyte hypertrophy ( proteinurea ( renal failure
        gain of function interferes with glomerulogenesis
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