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Goal: Generation and characterization of human kidney stem/progenitor 

cell (KSPC) lines by reprogramming fully differentiated adult kidney cells 

Introduction : Somatic cell reprogramming is an attractive approach for generating unlimited amounts of specific human cell types. Recent advances in this field shift towards 

direct conversion of one somatic cell type into another with  the correct combination of lineage-specific transcription  factors. Using this approach, cellular conversion does not 

require the derivation of pluripotent  cells, avoiding the risk of teratoma formation. Nevertheless obtained cells are terminally  differentiated with  limited scale-up potential. 

While kidney regeneration, with  its complex structure, requires multipotent  progenitors that can give rise to many distinct cell types within  the nephrons. Another up-to-date 

approach based on the transient expression of Yamanaka factors that generates multipotent , partially  reprogrammed intermediates. This indirect  conversion enables 

production of expandable, multipotent  progenitors followed by differentiation  into desired cell types. We used this strategy to bypass the pluripotency state and convert 

terminally  differentiated human adult kidney epithelial cells (hKEpC) into partially  reprogrammed intermediate induced by exposure to one reprogramming factor – Oct4. 

Those renal progenitor-like cells could be further  differentiated into functional nephron epithelial cells.  

Conclusions:  Long-term expression of a single pluripotent  transcription  factor, Oct4, can re-activate fetal lineages and reprogram terminally  

differentiated epithelial cells of adult kidney to a stable progenitor state. Gene expression profiles show epithelial to mesenchymal transition and  

re-activation of early renal mesenchyme and mesoderm lineage. Analysis of nephron tubules with segment-specific antibodies shows that our cells retain 

at least some renal maturation identity . Oct4-hKEpCs can generate proximal  tubules in vivo. Therefore we were able to expand mainly unipotent 

progenitors. In  this regard, ectopic expression of Oct4 along with  nephrogenic factors like SIX2/OSR1/PAX2 may draw cells back to the 

metanephric mesenchyme stage and help us to generate multipotent  renal mesenchymal cells that can give rise to other cell types within  the 

nephron. 

 

                                                                                                                                                                                                                                                                                                                                                                             

 

 

In vivo characterization of Oct4-hKEpCs 

 

                                   

 

                                                                                                

Phenotypic switch in Oct4-hKEpC  

Oct4 overexpression  in  hKEpCs was achieved via lentiviral  
infection  (A) . Oct4-hKEpC appeared  as a homogenous  cluster  
of small  round  cells that  proliferate  in  adhesion  culture  and 
could  be propagated  through  15 passages, maintaining  their  
round  morphology,  they  clonally  emerge and self-renew  (C), 
compared  to control  cells that  appear  as spindle -shaped (B) . 

Gene expression analysis of Oct4-hKEpCs 

Expression analysis showed Oct4-hKEpCs to undergo epithelial-to-

mesenchymal transition. Ecadherin was reduced and Vimentin 

transcript  levels were augmented. Furthermore Oct4-hKEpCs cells re-

activate some of the early renal mesenchyme genes – Osr1 and Cited1.  

Å Cited1 is expressed in the cap mesenchyme and is downregulated as 

these cells form pretubular  aggregates and differentiate into early 

nephronic epithelia.  

ÅOsr1 expression in developing kidneys localizes to intermediate 

mesoderm. Osr1 cells are multipotent , and contribute to nephron and 

collecting duct epithelia and the cortical interstitium .  

Other pluripotency factor Nanog, was not induced in Oct4-hKEpCs. 

Transcription  factor  Oct4 abrogates  terminal  differentiation  of human  
kidney  tubular  epithelial  cells and induce  an  partially  reprogrammed  
multipotent  progenitor -like  state. 

According  to the prevailing  model,  different  pluripotency  factors  
redundantly  upregulate  one ÁÎÏÔÈÅÒȭ expression  and thereof  maintain  
the undifferentiated  state in  ESCs. They act as rival  specifiers  that  
compete  to specify  differentiation  along mutually  exclusive  lineages. In  
this  view  pluripotency  is an intrinsically  unstable  state of affairs,  as 
differentiation  can be readily  elicited  by the stochastic  upregulation  or  
downregulation  of individual  pluripotency  factors . It  has been found  
that  overexpression  of pluripotency  factors  in  ESCs often  prompt  
distinct  lineage specification . For example, overexpression  of classical 
pluripotency  factor  Oct4 in  ESCs, promotes  mesoderm  and primitive  
endoderm  differentiation  and suppress ectoderm  differentiation .  

Oct4 as a lineage-specifying factor  

Oct4-hKEpCs create nephron 

tubules in vivo 

Oct4-hKEpCs 

control  - hKEpCs 

To determine the differentiation potential of Oct 4-hKEPCs subcutaneously  
grafting experiments into NOD/SCID mice was performed  
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H&E staining  shows robust  formation  of renal  elongated  tubules  
after  two  weeks postimplantation  (A) . 

Control - hKEpC completely  failed  to generate  renal  structures  (B) . 
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Analysis of renal structures for expression of segment specific antibodies  

Extensive analysis  of renal  structures  with  segment-specific   
Antibodies  revealed   positive  staining  for   cytokeratin,  LTA  
and megalin  (A), indicative  of nephron  proximal  tubules   
but  not  EMA a distal  and collecting  duct  marker  (B) .  

But not 

Yamanaka and others  reprogrammed  adult  cells into  pluripotency  via the over -expression  of four  factors,  Oct4, c-Myc, Sox2, Klf 4.  Additional  attempts  have delineated  direct  
reprogramming  across lineages from  one adult  cell  type  to another . The kidney  is an extremely  challenging  organ  as the nephron  epithelia  is comprised  by multiple  cell  types 
and therefore  for  regenerative  purposes  the ideal  cell  source should  harbor  broad  nephrogenic  potential  rather  than  give rise  to a single  cell . Therefore,  our  concept is to 
induce/revert  the somatic  kidney  cells directly  into  a renal  progenitor  state rather  than  to fully  de-differentiate  somatic  cells into  induced  pluripotent  (iPS) cells that  would  in  
turn  have to be re-differentiated  in  vitro  into  the renal  lineage.. 

Extreme makeover: converting one cell into another 


