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Potential molecular therapy 
for acute renal failure 

H. DAVID HUMES, MD 

• Ischemic and toxic acute renal failure is reversible, due to the ability of renal tubule cells to 

regenerate and differentiate into a fully functional lining epithelium. Recent data support the thesis 

that recruitment or activation of macrophages to the area of injury results in local release of growth 

factors to promote regenerative repair. Because of intrinsic delay in the recruitment of inflammatory 

cells, the exogenous administration of growth promoters early in the repair phase of acute renal failure 

enhances renal tubule cell regeneration and accelerates renal functional recovery in animal models of 

acute renal failure. Molecular therapy for the acceleration of tissue repair in this disease process may be 

developed in the near future. 
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ISCHEMIC AND TOXIC acute renal failure is 
commonly seen in acutely ill hospitalized 
patients. It is reversible, having both an injury 
and recovery phase. The injury phase is due to 

structural damage to renal epithelial cells— 
predominantly, proximal tubule cells.1 The recovery 
phase depends upon the repair and replacement of in-
jured and necrotic tubular epithelial cells.2 Growth fac-
tors are undoubtedly important in this replicative 
repair process.3 

A better understanding of the cellular and 
molecular mechanisms responsible for renal epithelial 
cell regeneration and differentiation would permit a 
rational approach to enhance the repair process and 
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speed the time of recovery from structural acute renal 
failure. In elucidating the cellular and molecular basis 
of regenerative repair following toxic and ischemic 
acute renal failure, data now support a paracrine, 
rather than an autocrine, process promoting growth-
factor production in areas of injury within the kidney 
following ischemic and toxic stress. 

Data support the following thesis to explain the 
replicative regeneration repair phase following acute 
tubular necrosis (ATN): In the area of injury, cell 
damage occurs after ischemic and toxic stress. This 
enhances production of various cytokines and growth 
factors by the injured cells, including platelet-derived 
growth factor and transforming growth factor beta 
(TGF-beta).4 Since these two factors are extremely 
potent chemoattractants,5,6 the synthesis and release of 
these factors lead to inflammatory cell recruitment and 
activation, predominantly of macrophages. The attrac-
tion of activated macrophages to the area of injury 
leads to subsequent production and release of growth 
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factors,7,8 most likely TGF-alpha, which then activates 
the responsive proximal tubular cell to regenerate via 
the activation of the epidermal growth factor (EGF) 
receptor. 

Because of the delay in the natural process of 
replicative repair, exogenous administration of growth 
factors may accelerate renal recovery after toxic or 
ischemic stress. Exogenous administration of EGF en-
hances the regenerative repair process, accelerating 
recovery of renal function in a rat model of reversible 
ischemic ATN.9 EGF promoted accelerated DNA 
replication, which was associated with lesser degrees of 
renal failure and an accelerated return to normal renal 
function compared with animals not treated with EGF. 
This report is the first demonstration that EGF ac-
celerates the repair processes of a solid organ after an 
injurious insult. 

Exogenous EGF also enhances the recovery phase of 
mercuric chloride-induced acute renal failure.10 EGF 
resulted in greater levels of DNA synthesis in renal 
proximal tubular cells when compared with nontreated 
animals. This enhanced cell-replication was associated 
with the return of blood-urea-nitrogen and serum 
creatinine levels to near normal approximately 4 days 
sooner than that observed in animals not treated with 
EGF. These findings demonstrate that exogenous EGF 
accelerates the repair process of the kidney after a 
severe toxic insult similar to the previous results in a 
model of ischemic renal injury. 

Additional data further extend the role of the EGF 
receptor in the replicative repair process following 
ATN. These findings suggest that a potential 
molecular mechanism of thyroid hormone-related en-
hancement of renal function recovery following 
various forms of toxic ATN is consistent with an effect 
of thyroid hormone to increase EGF-receptor gene ex-
pression. This effect leads to increases in the number of 
cell-surface EGF receptors on renal proximal tubular 
cells and a potentiated mitogenic response to EGF.11 

Once the regeneration phase is accomplished, the 
final repair process must be initiated: the regenerative, 
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immature tubular cell must differentiate into a mature 
functional phenotype. Final differentiation of renal 
proximal tubular cells requires the development of cor-
rect spatial arrangement and pattern formation so that 
the epithelia develop cell polarity within tubular struc-
tures to perform their physiological process of vectorial 
transport. Final differentiation of tissue is critically de-
pendent on both soluble factors (growth promoters 
and growth inhibitors) and insoluble factors (extracel-
lular matrix molecules, such as collagen, laminin, 
fibronectin, and proteoglycans).12 

Support for a role for growth factors along with the 
extracellular matrix in kidney tubulogenesis is a recent 
demonstration that EGF or TGF-alpha, in the presence 
of Matrigel (a reconstituted basement membrane gel 
containing laminin), promotes branching tubulo-
genesis of collecting duct-like cells in tissue culture.13 

Further evidence for this coordinated interplay among 
growth factors and extracellular matrix molecules to 
induce pattern formation in tubulogenesis is found in 
recent work, which demonstrates that TGF-beta-1 and 
EGF with the retinoid all-trans-retinoic acid are neces-
sary and sufficient to induce tubulogenesis in adult 
renal proximal tubular cells in tissue culture, in a man-
ner highly reminiscent of inductive embryonic kidney 
organogenesis.14 Furthermore, these studies also 
demonstrated that the critical role of retinoic acid (a 
defined morphogen) in kidney tubulogenesis is deter-
mined by its ability to promote laminin production by 
renal tubular cells. These findings demonstrate the 
critical importance of matrix molecules in pattern for-
mation and further identify the target protein (ie, 
laminin) induced by retinoic acid to promote mor-
phogenesis. 

These insights identify potential molecular therapy 
to enhance the recovery rate of this form of renal 
injury. Preclinical trials are underway to test the ef-
ficacy of recombinant EGF in ATN, with the hope that 
this form of molecular therapy will accelerate the 
repair process and reduce morbidity and mortality as-
sociated with this disorder. 
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