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Renal replacement therapy (i.e., kidney transplantation) repre-
sents the optimal treatment for end-stage renal disease (a condition 
which is expected to increase in prevalence). However, the demand 
for transplantable kidneys currently outpaces the availability 
of donor kidneys, a situation not expected to improve in the  
foreseeable future. An alternative route to cadaveric or living-related 
donors would be to engineer kidneys for allograft transplantation 
from cells based on concepts derived from current understanding 
of normal kidney development. Although the use of cells for this 
purpose remains hypothetical, recent research from our labora-
tory has provided strong evidence that implantation of kidney-like 
tissue bioengineered from the recombination of in vitro culture 
systems which model discrete aspects of kidney development 
(i.e., cell culture, isolated WD, isolated UB and isolated MM) is 
possible. These recent findings are discussed here. Pathway based 
system biology approaches to understanding the mechanism(s) of 
kidney development are also discussed, particularly in the setting 
of this novel and seemingly powerful xeno-based tissue engineering 
strategy.

Introduction

Dr. Sanjay Nigam: As the population of the United States 
continues to age, the prevalence of chronic kidney failure is expected 
to rise.1 For most patients, hemodialysis is the therapeutic treatment 
of choice, as it has been for several decades. Although the majority 
of patients do reasonably well on hemodialysis for years, there are 
several quality of life issues, as well as long term morbidity and 
mortality which remain as significant concerns. Although modifica-
tions to dialysis, such as the so-called bioartificial kidney, have been 
proposed,2 kidney transplantation continues to be the best option 
for improved long term outcomes for some patients suffering from 

chronic renal failure and end stage renal disease. However, the scar-
city of cadaveric and living-related donor kidneys means that the 
numbers of patients benefiting from such surgical procedures are 
still far from optimal and represents the main limitation to kidney 
transplantation.

Over the past several years, improvements in our understanding 
of normal kidney development and/or its recovery from injury,2-6 
together with advances in the fields of developmental biology, 
regenerative medicine and tissue engineering have led investigators 
to propose designing/engineering kidney tissue-based transplant-
able “artificial” organs. Several of these varied approaches, which 
have stimulated much research and may lead to new renal replace-
ment therapies have been reviewed elsewhere.7 Although, as 
described above, many labs have made seminal contributions, the 
research presented today will focus primarily on developmental 
biology-based approaches recently characterized and currently 
employed by our group at the University of California, San 
Diego. This work has utilized in vitro model systems of rodent 
kidney development and provided a potentially novel and seem-
ingly powerful xeno-based strategy for renal replacement therapy. 
Moreover, if these kidney-like tissues can be engineered from 
cultured cell lines, the potential clinical and/or therapeutic impli-
cations could be profound.

Although there are many excellent reviews on the subject,7-11 
a very brief outline of kidney development is necessary to provide 
context for the discussion. Metanephric kidney development is 
initiated with the emergence of the UB from the epithelial WD. 
The outgrowth of the UB is induced by GDNF produced by the 
MM. There are also data to suggest that other soluble growth factors 
(probably produced by mesenchyme cells surrounding the WD) also 
play a role in modulating/regulating this process (or in compen-
sating for the loss of GDNF) (Maeshima et al. 2007). Following 
its outgrowth, the UB penetrates the MM where it is induced to 
undergo several rounds of iterative branching morphogenesis even-
tually differentiating into the renal collecting system. During this 
process of branching morphogenesis within the MM, its tips induce 
the aggregation, condensation and MET of some of the MM cells. 
These newly formed epithelial cells undergo a series of morphologi-
cally recognizable stages of tubulogenesis and will ultimately form 
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the nephron from Bowman’s capsule to the proximal convoluted 
tubule, the loop of Henle and the distal convoluted tubule (including 
a portion of the segment connecting it to the collecting system). 
Vascularization occurs through invasion of blood vessels (angiogen-
esis), but vasculogenesis within the kidney also occurs.

Cell Culture Models for Study of Branching Tubulogenesis  
and Kidney Regeneration

We originally got into this area through our interest in epithe-
lial morphogenesis, particularly the processes of tubulogenesis 
and branching morphogenesis. Our initial work focused on 
cell culture models using three dimensional cultures of mature 
polarized epithelial cells (MDCK and IMCD cells) which form 
branching tubular structures when cultured in an appropriate 
milieu of growth factors and extracellular matrix components12-15  
(Fig. 1). Questions of the relevance of the 3D culture of these adult 
epithelial cells to the embryonic aspects of kidney organogenesis 
eventually lead to the development of additional cell culture model 
systems using cells derived from the mouse embryonic kidney: A 
UB cell branching tubulogenesis model that was stimulated by 
a conditioned medium from a MM-derived cell line16 (Fig. 2) 
and the operational isolation of a set of cells with progenitor-like 
properties from the adult kidney.17 These latter cells appeared to 
be similar or identical to the cells that incorporated BrdU in the 
proximal tubule of the injured kidney.17 While the major interest 
was in their role in renal regeneration, it is noteworthy from the 
perspective tissue engineering and kidney repair that these cells 
were able to undergo growth factor-induced tubulogenesis and, 
when microinjected into kidney organ cultures, homed to cell 
populations of different embryonic derivation. Other groups have 
also identified similar cells.18

Once again relevance to the in vivo situation from the studies 
of these two cell culture models for kidney development (MM cell 
conditioned medium-induced UB cell branching) and (adult progen-
itor-like cells capable of undergoing tubulogenesis and homing in the 
embryonic kidney), lead to the development and characterization of 
two in vitro model systems which allowed for examination, in isola-
tion, of critical components of metanephric kidney development: 
The isolated WD budding system19,20 (ureteric bud emergence 
and growth, Fig. 3) and the isolated UB system21 (UB branching 
morphgenesis and collecting duct differentiation, Fig. 4). These later 
two systems have enabled the identification of growth factors, matrix 
components and other gene products that are necessary for in vitro 
budding and branching. I will briefly describe each system below.

Isolated Wolffian Duct Culture

Recently, we have demonstrated that the WD can be isolated and 
cultured independent of tissues of the metanephric kidney.19 When 
grown in the presence of the appropriate growth factors, budding 
of the UB can be induced from this cultured WD20 (Fig. 3). The 
use of this model system has provided evidence that the layers of 
mesodermal/mesenchymal cells immediately adjacent to the tubular 
epithelial cells of the WD appear to play an important modulatory/
regulatory role in UB outgrowth. Stimulatory and inhibitory growth 
factors for budding in this in vitro system have been identified and 
consistent with knockout and other previous data (reviewed in 
refs. 7–11), GDNF is a potent inducer of budding, while BMP2 is  

inhibitory. Activin is a powerful budding inhibitor in vitro.19 
Moreover, we have found a FGF dependent pathway that can bypass 
GDNF-ret, at least in vitro.22 This is brought out most clearly when 
activin signaling is inactivated. Whether this holds up in vivo as well 
remains to be seen, but it could explain why some GDNF knockouts 
result in rudimentary kidney formation as a result of WD budding.

Isolated Ureteric Bud Culture

About ten years ago, we described the culture of the isolated UB 
in the absence of cell-cell contact with the MM, a culture model 
which heretofore was thought not to be possible21 (Fig. 4). The 

Figure 1. (A and B) Phase contrast photomicrographs of either (A) mIMCD 
cells or (B) MDCK cells cocultured for 48 hr with the ed11.5-12.5 embryonic 
murine kidney (EK) as a source of soluble growth factors. Both cell types 
are induced to form complex branching tubular structures in the presence 
of the soluble factors secreted by the embryonic kidney (Bar = 50 μm).  
(From ref. 12).

Figure 3. (A–C) Phase contrast photomicrographs of either (A) isolated 
whole mesonephros, including the Wolffian duct, (B) isolated WD in which 
the mesonephric tubules, along with most of the non-epithelial mesoderm is 
removed or (C) isolated WD cleared of all surrounding mesoderm before in 
vitro culture (“naked” epithelial tube) suspended within a 3D extracellular 
matrix gel. The cultures were grown for 3 days in either (A and B) DME/
F12 supplemented with FBS and soluble grow factors [(A) 10 ng/ml GDNF;  
(B) 125 ng/ml GDNF and 250 ng/ml FGF1] or (C) BSN conditioned 
medium supplemented with 125 ng/ml GDNF and 250 ng/ml FGF1 ; (Scale 
bar: 500 μm.) (From ref. 20).

Figure 2. (A and B) Phase contrast photomicrographs of 3D cultures of either 
(A) mIMCD cells or (B) ureteric bud (UB) cells grown for 48 hr. The cells were 
grown in the presence of either 3t3 cell conditioned medium (A—source 
of HGF) or BSN cell conditioned medium supplemented with 0.5% FBS  
(Bar = 25 μm). (From ref. 39).
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system was based on analogy to the UB cell branching tubulogen-
esis system, which responded best when the cells were cultured 
within a matrix containing Matrigel and in the presence of a MM 
cell-derived (BSN cell) conditioned medium.16 Robust branching 
of the isolated UB was obtained when it was cultured in 3D gels 
composed of the appropriate extracellular matrix and in the presence 
of BSN conditioned medium supplemented with GDNF. We have 
purified and/or identified a number of growth factors that stimu-
late UB branching morphogenesis using this in vitro system. These 
include pleiotropin,23 several FGFs24 and heregulin.25 We have 
also identified inhibitory growth factors, including members of the 
TGFβ superfamily such as activin, BMPs, LIF and TGFβ.26 The UB 
branching pattern and the shape of the tube appears to be regulated 
by combinations of stimulatory and inhibitory factors26 along with 
extracellular matrix components.20,27,28 This has been a powerful 

system to help understand the process of branching through budding 
and promises to be useful in detailing the cell biological events  
essential to this process.29

Propagation Strategy

Both the isolated WD culture and the isolated UB culture have 
potential for propagation.20,30 For example, the isolated WD forms 
multiple buds along its length, each of which can be individually 
microdissected and propagated by culturing them in a manner 
similar to the isolated UB culture (Fig. 5). Similarly, the UB under-
goes many iterations of branching in culture, and each tip can 
potentially be micro-dissected and propagated. This has been done 
for several generations (Fig. 6). Thus, inherent to a successful isolated 
WD culture and/or isolated UB culture is the possibility of extensive 
propagation and multiple UB tips can be created from a single tip or 
UB outgrowth. These propagated UBs can be recombined with MM 
in a manner similar to that described for the wild type UB7,20,21,30 
(Fig. 7). Hence, there is the potential of creating scores of renal-like 
recombined tissue from a single in vitro induced UB or isolated 
T-shaped UB. Because of the clonal nature of the process, one 
can conceivably transfect immunomodulatory genes or genes that 
enhance function (e.g., toxin transporters) into the original WD or 
UB, and these potentially could end up being incorporated into each 
of the daughter renal-like tissues.20,30

Tissue Engineering Strategy

It is hard to imagine a kidney-like tissue with significant function 
in the absence of appropriate spatial relationships of the nephrons 
and vasculature, including definition of corticomedullary bound-
aries. Simply differentiating stem cells into cells with renal markers 
would, at first glance, appear to be insufficient. Based on the argu-
ment that 3D spatial relationships are critical for significant renal 
function, and that this is inherent in the developmental program, we 
have been using the in vitro systems we and others have developed 
to try to “engineer” renal-like tissue with evidence of function and 
vascularization.

Essentially, it involves trying to recapitulate the majority of the 
developmental program for kidney organogenesis in vitro. The 
approach has been recently described elsewhere,20 so it is only 
outlined here. Basically, it follows our in vitro work. Starting with 
the isolated WD, one can induce it to form a UB-like bud on a 
filter in the presence of appropriate growth factors (GDNF, FGFs). 
Multiple buds form, each of which can be propagated by excising the 
buds and culturing them in a 3D extracellular matrix gel in the pres-
ence of BSN conditioned medium and GDNF. Robust branching 
follows, and it is equivalent to the native isolated UB culture which 

Figure 4. (A–E) Phase-contrast photomicrographs of UBs isolated from ed13 embryonic rat kidney and cultured for up to 5 days in BSN conditioned media 
supplemented with 10% FBS and soluble growth factors (125 ng/ml GDNF and 250 ng/ml FGF-1). (From ref. 36).

Figure 5. (A–C) Phase contrast photomicrographs demonstrating the ability 
of in vitro formed UBs (induced from an isolated WD) to undergo branch-
ing morphogenesis in 3D cultures. (A) Isolated WD cultured for 4 days in  
DME/F12 supplemented with 125 ng/ml GDNF and 250 ng/ml FGF1 to 
induce the emergence of supernumerary UBs. (B and C) A single in vitro formed 
UB (circle in A) was excised, suspended within a 3D extracellular matrix gel  
(1:1 Matrigel/DME-F12) and cultured in BSN conditioned medium sup-
plemented with 10% FBS, 125 ng/ml GDNF and 250 ng/ml FGF1.  
(From ref. 20).
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starts with the T-shaped UB. The structure can be extracted from 
the gel and recombined with fresh isolated MM leading to the 
formation of apparently functional tubular nephrons (Fig. 7). The 
recombined tissue has gene expression patterns similar to the E17 or 
E18 kidney and is even capable of organic anion transport into the 
proximal tubule. This recombined structure—originally beginning 
with just the WD, and later, growth factors and MM—can then be 
transplanted under the renal capsule and shows evidence of early 
vascularization (Fig. 8).

Several points are worth emphasizing: (1) If a pluripotent 
WD-like tube can be constructed from cells, then appropriate 
soluble factors could, in the right context be used to guide the cells 
and structures along the pathway just described; (2) There are points 
of propagation at several stages; and (3) If many renal-like tissues can 
be generated from a single cell or set of cells, it may be possible to 
introduce immunomodulatory or functional genes in all daughter 
structures.

It is also important to note that, although we have developed 
a very useful MM cell line (BSN cells16), we have yet to induce 
it to interact with the WD or UB. Others have developed such 
cell lines as well, for example, the RIMM 18 cells.31 However, it 
remains to be seen whether these cells can serve as MM-like tissue. 
In addition, an isolated MM culture system has been developed 
and studied.32 Together, there seems to be the potential on the 
MM side for a similar strategy to what we have described on the 
collecting system side.

Efficient vascularization and appropriate mechanical connections 
are very crucial for full renal function. Our work so far has not gone 
beyond showing the ability of the in vitro engineered renal tissue to 
undergo rudimentary vascularization (Fig. 8). Others have, through 
transplantation of whole metanephric kidneys, shown that the 
metanephric kidney can be fully vascularized and anastomosed to 
the ureteral end as well and shown that the whole parcel is capable 
of in vivo function at the level of a GFR of around 10 ml/min in 
rats.5,33 Taken together with our own work starting with the WD 
just described, as well as the cell culture approach discussed below, 
there does not seem to be any theoretical impediment to making a 
kidney from one or two basic cell types.

Starting from Cells

If one could start from cells, it might even be better, both from 
the perspective of transfection and the perspective of issues related 
to tissue engineering. For one thing, one would not have to worry 
about finding a suitable WD, say, from pigs or another animal. 
About fifteen years ago, we demonstrated that the embryonic kidney 
could, when cocultured atop an extracellular matrix gel seeded with 
MDCK or IMCD cells, induce robust tubulogenesis and branching 
of the cells12 (Fig. 1). The UB cell branching tubulogenesis system 
described above16 as well the homing and tubulogenic properties  
of the progenitor-like adult kidney cells17 also described above 
suggest that cells can be used to construct an epithelial tubule with 
a pluripotent character. Since one can, as already discussed, get a 
WD to form renal-like tissue with transport function and the ability 
to undergo early vascularization upon transplantion under the renal 
capsule20 and since the WD is essentially a pluripotent epithelial 
tube, then perhaps one can start with cells and achieve the appro-
priate 3D spatial relations necessary for significant renal function. 

Figure 6. (A and B) Phase contrast photomicrographs demonstrating the 
ability to microdissect and propogate cultured isolated rat embryonic UBs. 
(A) UB cultured for 7 days in BSN conditioned medium (supplemented with 
10% FBS, 125 ng/ml GDNF and 250 ng/ml FGF1) were dissected and 
subdivided into thirds and resuspended within 3D ECM gels. This subdivided 
UBs were cultured for an additional 8 days using the same culture conditions. 
(B) One of these second generation cultured was further subdivided, resus-
pended and cultured for an additional 8 days in BSN conditioned media 
(supplemented with 10% FBS, 125 ng/ml GDNF and 250 ng/ml FGF1). 
(C) A schematic representation of the procedure for isolated UB propagation 
indicates the potential for generating a large number of UBs from a single 
progenitor UB. (From ref. 30).

Figure 7. (A–C) Confocal fluorescent micrographs of kidney-like tissue engi-
neered from the recombination of cultured UB (red—UB-derived tubules are 
stained with TRITC-conjugated D. biflorus,) and freshly isolated metanephric 
mesenchyme (7 days after recombination). The accumulation of 6-CF 
(green—a fluorescent organic anion which is transported via the basolat-
erally localized organic anion transporters of the proximal tubule) in the 
MM-derived tubules of the recombined tissue indicates that structural and 
functional differentiation of the mesenchyme is occurring. (B and C) The accu-
mulation is seen only in the cells of non-UB-derived tubules (arrows) and is 
inhibited by probenecid- (a competitive inhibitor of organic anion transport) 
[Scale bars: (A and C), 500 μm; (B), 200 μm]. (From ref. 20).
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The data we have is tantalizing, but much remains to be proven. 
Obviously, the same needs to be done on the MM end. The BSN 
cells16 and RIMM18 cells31 suggest the potential, but true MM-like 
behavior needs to be demonstrated. Of note, mouse embryonic stem 
cells may differentiate so as to acquire some MM markers,34 but how 
far they go remains to be seen.

The Usefulness of In Vitro Systems to Develop a Systems 
Theory of Kidney Organogenesis

Robert O. Stuart, a gifted scientist and nephrologist who trained 
in our lab, and then, as an Assistant Professor continued to 
 collaborate with us for many years, was the first to do a sophisticated 
time series analysis of global gene expression during organogenesis 
with  microarrays (Fig. 9).35 We did this work in the embryonic in 
vivo isolated rat kidney and we subsequently did a similar analysis 
of gene expression in the in vitro models of rat kidney development, 
including the isolated UB and the induced (by spinal cord) MM 
(Fig. 10).36 These data, together with our in vitro and knockout 
data from many labs, led us to formulate something of a “systems” 
theory of kidney development. The theory, a preliminary one which 
may well be flawed, has been discussed elsewhere in detail,29,36-38 but 
several features are noteworthy: (1) Kidney development proceeds in 
stages that are mediated largely by short and long-range growth factor 
 interactions with heparin sulfate proteoglycans and other matrix 
molecules; (2) The networks for each of these stages has a unique 
“scale-free” architecture, leading to predictions about resiliency to 
perturbation of each stage. Thus, the UB branching network may 
be more decentralized than the WD budding network and therefore 
less amenable to all-or-none perturbation; (3) In the transition from 
budding to branching, the network becomes “autocatalytic.” This may 
be mediated by a combination of paracrine and autocrine pathways, 
some of which are redundant. Thus the UB is largely protected from 

mutation owing to the redundant mechanisms programmed into auto-
crine and paracrine processes regulating branching morphogenesis. 
As an example, there is much overlap between the heparin-binding 
growth factors (GDNF, FGFs, activin, BMPs, etc.) that stimulate and 
inhibit budding and branching. There appears to be more growth 
factor-matrix “redundancy” for UB branching than WD budding, 
although a GDNF bypass pathway seems likely to exist in the WD;22 
(4) Branching stops as a result of inhibitory factors/matrix made by 
the MM; these switches are presumably cued to MM and collecting 
duct differentiation. Certain molecules (e.g., hyaluronic acid, LIF, 
TGFβ, wnts, collagen 18/endostatin) may have the ability to inhibit 
UB branching while stimulating MM and collecting duct differentia-
tion; and (5) the mesenchyme provides cues (secreted and/or via cell 
contact) for vectoriality of branching, tapering of collecting ducts and 
their differentiation.21

Whether these “systems” concepts hold up over the long run 
remains to be seen. The point is that the combined use of the in 
vitro systems in the context of in vivo data from knockout animals 
is beginning to suggest a more general theory of kidney organogen-
esis. The nature of this organogenesis forum lecture has limited the 
discussion largely to work from our lab, but our work is indebted to 
investigators who have done important work in this field; much of 
this excellent work is cited in several detailed reviews.7-11

Conference Questions and Answers

Dr. Marc Hammerman (Chromalloy Professor of Medicine, 
Washington University School of Medicine): Have you tried to 
incorporate the vascular component into your recombination experi-
ments? In other words, you could put in an embryonic aorta and 
vascularize the nephrons that you are making using the isolated bud 
and blastema in 3D organ culture (Fig. 7)?

Dr. Nigam: We have tried in the past, but the system wasn’t as 
robust then. We are trying again.

Figure 8. Schematic of a proposed strategy for bioengineering kidneys 
from in vitro models of kidney development. Initially, supernumerary UBs 
are induced from the isolated WD. Potentially each of these buds can be 
isolated and propagated to form multiple branched UBs in 3D ECM gels; 
each of which can then be recombined with freshly isolated MM. Following 
a period of mutual induction (i.e., 4–7 days), the recombined tissue (which 
now resembles a late-stage embryonic kidney) is then implanted into a 
host animal where it vascularizes and forms glomeruli. The possible use of 
cultured cells to engineer progenitor tissues (i.e., WD, UB and/or MM-like 
tissue) is also indicated. (From ref. 20).

Figure 9. Clustergram [made using the hierarchical clustering algorithm, 
GENESPRING (Silicon Genetics)] showing the grouping of 873 genes whose 
expression changed significantly at some point in rat kidney development 
using Affymetrix cDNA microarray genechips. Genes were identified using 
RNA isolated from a time series of kidney development [i.e., ed13, ed15, 
ed17, ed19, newborn (N), 1 week postpartum (W) and adult (A) kidneys] 
and clustered in two dimensions according to their gene expression and 
experimental vectors in Euclidian space after compressing the equalized 
data to a target maximum value of 3. K-means clustering revealed 5 distinct 
groups of gene expression patterns within the clustergram (numbers at the 
bottom) depending on their time-frame of expression. (From ref. 35).
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Dr. Sanjay Jain (Assistant Professor of Medicine, Washington 
University School of Medicine): One of the events we don’t hear 
much about is the molecular regulation of the joining of the 
collecting system with the proper nephron, so I was just wondering 
if you had any leads or had any models to study this process.

Dr. Nigam: Now that we have several recombination models, we 
are beginning to ask that question. A number of other labs have, over 
the years, identified some interesting molecules, but I don’t know 
how those studies have progressed. Here, I have been, of course, 
almost exclusively been discussing work from our lab.

Dr. Jeffrey Miner (Professor of Medicine Washington University 
School of Medicine): In the experiments with the recombination 
of the metanephric mesenchyme and the in vitro grown ureteric 
bud tree, do you get hook up of the nephron distal tubule with the 
collecting duct?

Dr. Nigam: Morphologically, this appears to be the case.
Dr. Miner: I noticed a difference between what you designate as 

WD+ mesoderm versus the isolated WD (Fig. 3). With the former 
you observed only one sided branching towards the mesonephric 
tubules when GDNF was added, but with the latter there was 
branching in all directions. Is there some inhibitory activity in the 
‘dirty’ preparation?

Dr. Nigam: We think that the surrounding cell layers are very 
crucial to regulating the budding process. In general, however, they 
are not well characterized. One might expect that the balance of 
stimulatory and inhibitory factors is very important to the site and 
degree of budding. In vitro, it appears that budding may require 
cancellation of these inhibitory activities.

Dr. Feng Chen (Assistant Professor of Medicine, Washington 
University School of Medicine): I have a couple of questions. First, 
the intermediate mesoderm is pre-specified along the anteroposte-
rior axis and this determines the position and the number of the 
ureters that come out of the Wolffian duct. How about the Wolffian 
duct epithelium itself? Do you think it has any anteroposterior pre-
specification?

Dr. Nigam: We think it ought to, but in most of our experiments 
we don’t tend to see this. Maybe we are actually removing something 
crucial for this specification in order to perform the type of in vitro 
studies we’re interested in.

Dr. Chen: My second question is, you probably would like to 
eventually have a functional ureter in the cultured recombination 
system for transplantation. Do you see any kind of structures resem-
bling the ureter in your culture system? If there is one, where does 
the ureteric mesenchyme come from? It usually comes from the more 
distal end rather than from the metanephric mesenchyme. Also, is 
there any kind of expression of Tbx18, for example, as a ureteric 
mesenchyme marker?

Dr. Nigam: We have published data some time ago on develop-
ment of the ureter in the six-1 knockout. In that study, the knockout 
ureter was able develop on its own in the absence of much, if any, 
mesenchyme. This was a surprise to us. However, there may have 
been an early induction event that was missed. We haven’t looked 
at Tbx18.

Dr. Chen: If you look at the other side, like in the recombination 
system using a cut-off ureteric bud, do you see any sign of a ureter 
with ureteric mesenchyme being developed there?

Dr. Nigam: We haven’t yet looked at this carefully. It’s an inter-
esting question.

Dr. Maggie Chen (Postdoctoral fellow, Renal Division Washington 
University School of Medicine): After blocking BMP2 and activin, it 
seems that isolated ureteric bud is more susceptible to the effect 
of GDNF. Do you know exactly how it works? Is it because their 
individual signaling pathways converge at some common point 
downstream? In other words, how do these positive and negative 
regulators of epithelial branching morphogenesis interact with each 
other to decide the final fate of the branching program?

Dr. Nigam: If I understand, you’re asking how is the whole thing 
integrated. That is a great question, and we’re hoping over the next 
few years that our in vitro studies, together with the in vivo studies 
being performed here by Dr. Jain as well as other groups around the 
world, will enable one to come up with a detailed answer to your 
question.
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Note

Edited transcripts of research conferences sponsored by 
Organogenesis and the Washington University George M. O’Brien 
Center for Kidney Disease Research (P30 DK079333) are published 

Figure 10. Clustergram showing the grouping of differentially expressed 
genes from cultures of isolated UB and isolated MM together with genes from 
whole kidney development data. The genes were clustered in two dimensions 
according to their gene expression. Designations on the right side of cluster-
gram refer to the tissue from which the genes were identified. Abbreviations 
are: K, kidney; e13, e15, e17, e19, day of embryonic gestation; nb, 
newborn; wk, 1 week postpartum; sc, spinal cord; no, no spinal cord. Red 
represents upregulated; blue represents downregulated. (From ref. 36).
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in Organogenesis. These conferences cover organogenesis in all  
multi-cellular organisms including research into tissue engineering, 
artificial organs and organ substitutes and are participated in by 
faculty at Washington University School of Medicine, St. Louis, 
MO.
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