
co r r e s p o n d e n c e

To the Editor:
Two recent studies1,2 using lipopolysaccharide (LPS)-induced protei-
nuria in mice as a model of human proteinuric kidney disease have 
suggested that the proteinuria is caused by dysfunction in the kidney 
barrier, specifically relating to podocyte injury. However, there are 
serious concerns about the model used and the conclusions made in 
these studies. First, the fold changes in protein excretion are small 
in LPS-mediated proteinuria—threefold in proteinuria1 and five- 
to sevenfold in albuminuria2. This model does not compare to the 
100–10,000-fold changes in albumin excretion seen in human protei-
nuric disease, including focal segment glomerulosclerosis3, diabetic 
nephropathy4 and minimal change disease5 (reviewed in ref. 6). Even 
in nephrotic disease induced by puromycin aminonucleoside in rats, 
there is a more than 50-fold increase in albumin excretion7. Second, 
it is notable that such pronounced changes in podocyte components, 
which the authors attribute to governing the glomerular barrier1,2, 
result in such a mild form of proteinuria.

Further, claims that kidney barrier function is altered in LPS-
mediated proteinuria1,2 were not supported experimentally, as no 
studies directly measuring glomerular permeability function were 
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performed. There is a need to examine the effects of LPS on glomeru-
lar permeability to albumin directly, as changes in albumin excretion 
in human proteinuric disease cannot be accounted for by changes 
in the glomerular permeability of inert probes such as dextran and 
Ficoll, particularly for probes the same size as albumin3–6. Similar 
findings have been also been made in rat proteinuric disease.6
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Reiser and Mundel reply:
We would like to thank Dr. Comper for his correspondence, as it 
allows us to provide answers for the following two questions: what is 
the relevance of the lipopolysaccharide (LPS) proteinuria model for 
human kidney disease, and did we study albumin filtration directly in 
the LPS, gene transfer or genetic mouse models that were described 
in Wei et al.1 and Faul et al.2?

Two classical animal models of proteinuria are the puromycin 
model in rats3 and the protamine sulfate model in perfused rats4 
and mice5. Both models have the disadvantage that they do not allow 
physiological studies in living mice, because puromycin aminonu-
cleoside is not properly working in mice, and the protamine sulfate 
model is a perfusion model requiring the immediate killing of the 
animal. In the search for a mouse model allowing a detailed analysis 
of glomerular proteinuria in a physiological context, we built on 
clinical observations that individuals with Gram-negative infections 
often develop urinary protein loss6,7.

We developed a mouse model of transient proteinuria that is based 
on the low-dose LPS stimulation in podocytes that express the LPS 
receptor Toll-like receptor-4 and the co-receptor CD14 (ref. 8). We 
present the following solid evidence to support that this model is a 
valuable tool to study podocyte biology and proteinuria:

1. Low-dose LPS injection (10 µg per g mouse body weight) 
has no overt hemodynamic effects that are consistent with acute 
renal failure5,8. Further proof comes also from studies with mice in 
which required components of the LPS effector pathway have been 

deleted or neutralized. Mice deficient in B7-1 in podocytes8, cathe-
psin L2,9 or urokinase-type plasminogen activator receptor1 do not 
develop proteinuria and show no signs of acute renal impairment 
after LPS injection. The concept that LPS causes proteinuria by 
targeting podocytes and not other cell types in the kidney is in 
keeping with the observation that podocyte-specific expression 
of cathepsin L–resistant dynamin9 or synaptopodin2 is sufficient 
to safeguard against LPS-induced proteinuria2,9.

2. Transgenic mice that express an active form of calcineurin, a 
serine threonine phosphatase that dephosphorylates synaptopo-
din, in podocytes phenocopy the effects of LPS injection, including 
comparable levels of albuminuria and degradation of the podocyte 
actin-regulating proteins dynamin and synaptopodin2.

3. The proteinuria profile of the LPS model is very similar 
to other classical models such as the puromycin model in rats 
and that of diabetic nephropathy in mice10. A single injection 
of puromycin leads to an approximately tenfold induction of 
proteinuria11, which is very similar to the increase that is seen 
in single-dose LPS-mediated proteinuria in mice2. The 50-fold 
induction of proteinuria mentioned by Dr. Comper can occur in 
the puromycin model in rats11, but only after three consecutive 
injections. The LPS model can also be used as a consecutive pro-
teinuria model, and LPS administration can be repeated to increase 
the levels of proteinuria1,9. Likewise, the suitability of the LPS 
model of proteinuria is supported by similar results observed in 
mouse models of diabetic nephropathy, which show 4- to 16-fold 
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