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ProNGF signals survival differently than NGF depending on the relative
levels of TrkA and p75NTR

Nerve growth factor (NGF) affects cell survival, regulation and differentiation of
central and peripheral nervous system neurons. NGF is initially synthesized as a
precursor, proNGF, which is the major form of NGF in the CNS. The biological
properties of proNGF have been the subject of great controversy: specifically
whether proNGF is neurotrophic or apoptotic. Both NGF and proNGF bind to two
receptors, the high-affinity TrkA receptor which is responsible for cell survival and
differentiation, and p75NTR, the common neurotrophin receptor which can
mediate apoptosis. It is known that the ratio of TrkA to p75NTR can determine
whether mature NGF signals cell survival or death. We show here that the ratio
of TrkA to p75NTR also determines the fate of cells treated with proNGF. We
used growth conditions, siRNA and knockouts to modulate TrkA levels in PC12
cells expressing both TrkA and p75NTR receptors. We found that although
proNGF is neurotrophic for primed PC12 cells expressing high levels of TrkA and
moderate levels of p75NTR, proNGF causes cell death in unprimed PC12 cells
expressing lower levels of TrkA and higher levels of p75NTR, while NGF rescues
these cells from death. We also found that when TrkA levels are reduced in
primed PC12 cells using siRNA, proNGF becomes apoptotic while mature NGF
does not. Finally, we found that proNGF induces more apoptosis in PC12nnr5
(TrkA-) cells than NGF or medium alone. Re-expression of TrkA in PC12nnr5
cells restores proNGF and NGF neurotrophic activity. Thus, we have shown that
the biological activity of proNGF can be altered by modulating the relative levels
of TrkA and p75NTR: in cells with a high ratio of TrkA to p75NTR proNGF is
neurotrophic, while proNGF is apoptotic for cells with a low ratio of TrkA to
p75NTR. We attribute the difference in activities between proNGF and NGF to
the difference in their relative binding affinities: proNGF has a higher affinity for
p75NTR while NGF has a higher affinity for TrkA. In the presence of low levels of
TrkA, proNGF can signal apoptosis via p75NTR, whereas NGF is neurotrophic
unless TrkA is eliminated. These results suggest that proNGF is neurotrophic
under normal circumstances, but that a shift in the balance between its two
receptors, as occurs in neurodegenerative disease or injury, may alter proNGF
signaling from cell survival to cell death.


