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Abstract

In Alzheimer’s disease (AD) human hippocampal samples, the expression of pro-
nerve growth factor (proNGF) was significantly increased compared to NGF
level. NGF regulates cell survival and differentiation by binding TrkA and p75NTR
receptors. ProNGF is the inactive precursor form of NGF, binds to p75N™R
receptor and induces cell apoptosis. Here, we show that the PC12 cells
stimulated with proNGF significantly enhanced the expression of p75NTR receptor.
The proNGF stimulation also increased the activation of RhoA kinase and JNK
apoptotic pathway. Interestingly, the activation of RhoA kinase and
phosphorylation of JNK was also found to be increased in post-mortem human
AD hippocampus compared to control, which might be due to increased
expression of proNGF and p75N™R receptor. The addition of RhoA kinase inhibitor
Y27632 not only blocked the RhoA kinase activity but also reduced the
expression of p75N™R receptor induced by proNGF in PC12 cells. RhoA kinase
inhibitor Y27632 also inhibited the proNGF induced neuronal death by abrogating
the activation of JNK. These results suggest that overexpression of proNGF in

AD enhances activation of RhoA thereby leading to neuronal cell death.



Introduction

Alzheimer's disease (AD) is a chronic neurodegenerative disorder with
progressive brain cell death that happens over a course of time. AD is
characterized by a progressive loss of cognitive and behavioral abilities.
Extracellular senile plaques and intracellular neurofibrillary tangles are hallmarks
of AD (Selkoe 2001). Plagues are deposits of a protein fragment called beta-
amyloid that builds up in the spaces between nerve cells. Tangles are twisted
fibers of neurofibrillary protein called tau that accumulates inside the neuronal
cells. Researchers aim to analyze the molecular mechanisms underlying AD
pathogenesis; however, the therapeutic options available to treat this disease are

inadequate.

Nerve growth factor (NGF) regulates the survival, maturation, differentiation, and
maintenance of developing neurons (Levi-Montalcini 1987). NGF is a ~13 kDa
peptide and is part of the neurotrophin family of structurally related neurotrophins
such as brain derived neurotrophic factors, neurotrophin-3, and neurotrophin-4.
ProNGF is the precursor form of NGF, which is cleaved by the matrix
metalloproteinase-7 (MMP-7) into mature NGF (Hempstead 2009). NGF can bind
to both a high-affinity tyrosine kinase Trk receptor and a low affinity p75NTR
receptor (Meakin and Shooter 1992; Greene and Kaplan 1995). Tropomyosin
receptor kinase A (TrkA) is a single transmembrane-spanning protein that
belongs to the super family of tyrosine kinase (RTK) receptors, which regulate
synaptic strength and plasticity in the mammalian nervous system (Huang and
Reichardt 2003). Upon binding of NGF to TrkA, the receptor undergoes
dimerization, autophosphorylation (Friedman  and Greene 1999),
polyubiquitination (Geetha et al., 2005a), followed by internalization of TrkA into
the signaling vesicles (Grimes et al., 1997; Riccio et al., 1997). TrkA activation
leads to activation of Ras/MAPK and the PI3K/Akt pathways, thereby resulting in

neuronal survival and differentiation.

p75NTR is a member of the tumor necrosis factor (TNF) super family of receptors



(Friedman & Greene 1999, Khursigara et al., 2001, Geetha et al., 2005b). p75NTR
signaling pathways leads to cellular apoptosis, cell survival, differentiation,
neurite outgrowth (Chen et al., 2009, Mamidipudi & Wooten 2002, Harrington et
al., 2002), Schwann cell myelination, and sensory neuron development (Powell
et al., 2009, Khursigara et al., 2001).

Recently, we found that in AD brain the MMP-7 which cleaves proNGF was
reduced which caused increased accumulation of proNGF and decreased the
NGF level (Chen et al., 2015). The accumulation of proNGF in patients with
Alzheimer’s disease may play a role to induce apoptosis (Pedraza et al., 2005,
Lee et al., 2001). In this study, we determined that the association of proNGF
with p75NTR induces cell apoptosis via downstream activation of RhoA Kinase.
RhoA is a small GTP-binding protein that acts as a molecular switch to play
either a pro-death or pro-survival role in the nervous system. RhoA activation by
proNGF directly induce neuronal death by activation of c-Jun N-terminal kinase
(JNK). RhoA Kinase inhibitor Y-27632 has been shown to promote neurite growth
in rat pheochromocytoma PC12 cells by reducing proNGF induced activation of
JNK.

Materials and methods

Reagents and Antibodies

Anti-p75N™R was purchased from Promega (Madison, WI). Anti-RhoA and
agarose conjugated rhotekin-RBD were purchased from Millipore (Billerica, MA).
Phospho-p38MAPK and non-phospho p38 MAPK antibodies, JNK and phospho
JNK, cleaved caspase-3 antibodies were purchased from Cell signaling
(Danvers, MA). Cleaved PARP antibody was obtained from BD Bioscience
Pharmingen (San Diego, CA). ProNGF was obtained from Alomon (Israel), NGF
from Bioproducts for science (Indianapolis, IN), and Y-27632 (Rho kinase
inhibitor) was purchased from Cayman Chemical Company (Ann Arbor, MI).
Enhanced chemiluminescence was from Thermo Scientific (Waltham, MA) and

all other reagents were obtained from Sigma-Aldrich.



Brain tissue

The human brain tissues used in this study were obtained from Emory University
Alzheimer’s Disease Center Brain Bank (Atlanta, GA, USA). Frozen samples of
hippocampus from six AD cases aged 58 - 90 (mean = 69) and 6 control subjects
aged 59 - 94 (mean = 70) were used for this study. The same brain tissues were
used in Chen et al., 2015.

Cell Culture

PC12 rat pheochromocytoma cells (1ImL) were cultured in Dulbecco’s modified
Eagle’s media supplemented with 10% heat-inactivated horse serum, 5% fetal
bovine serum, and antibiotics (100 units/mL; streptomycin and penicillin) (9mL)
on 100 mm plates coated with 150 ul Type | collagen. Cells were incubated at
37°C in a humidified atmosphere containing 5% CO2 and 95% air. Cell culture
medium was changed once a week. The cells were treated with proNGF (50
ng/ml) or NGF (50 ng/ml) in starved media overnight at 37°C before cell lysis. To
study Y-27632 (ROCK inhibitor) effects on proNGF stimulation, cells were treated
with proNGF (50 ng/ml) in the presence or absence of Y-27632 (1 uM) overnight
at 37°C before cell lysis.

Western blotting analysis

At end of treatments cell were lysed with HEPES lysis buffer (50 mM HEPES [pH
7.6], 150 mM NaCl, 20 mM sodium pyrophosphate, 10 mM NaF, 20 mM beta-
glycerophosphate, 1% Triton, 10 ug/ml leupeptin, 10 pg/ml aprotinin, 1 mM
NasVOas, and 1 mM PMSF). The protein concentrations were analyzed using the
Bradford procedure (Bio-Rad, Hercules, CA) using bovine serum albumin as a
standard for all samples. The samples were boiled in sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer and resolved on
SDS-PAGE gels, transferred onto polyvinylidene difluoride membrane, and

analyzed by western blotting with appropriate antibodies.



RhoA kinase activity

RhoA kinase activity was determined by pull down assay. Brain homogenates or
PC12 cell lysates were incubated with agarose conjugated rhotekin RBD agarose
beads for 45 min at 4°C and washed three times with lysis buffer. The beads
were boiled with SDS-PAGE sample buffer to release active RhoA. Bound RhoA
was detected by Western bloting with anti-RhoA antibody.

Results and Discussion

Our previous studies showed that postmortem AD human hippocampal samples
have increase in expression of proNGF and p75NTR receptor compared to control
samples (Chen et al., 2015). ProNGF is known to promote neuronal apoptosis
because of its high affinity to bind p75NTR (Casaccia-Bonnefil et al., 1996; von
Bartheld 1998). The effect of proNGF signalling, will be dependent upon the
expression levels of its receptors (Fahnestock et al., 2004; Masoudi et al., 2009).

Therefore, we evaluated whether proNGF
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shown in figure 1B, activation of Rho kinase was increased in proNGF stimulated
cells compared to control and NGF. The total Rho was equal is all the cell
lysates. In addition to this we also determined the downstream target Jun amino-
terminal kinases (JNK), as its activation leads to neuronal cell death. PC12 cell
lysates stimulated with proNGF or NGF were Western blotted with phospho JNK
and non-phospho JNK antibodies. The phosphorylation of JNK was increased by
NGF than control or NGF treated cells (figure 1C). The level of non-phospho JNK
is same in all the lysates. These results suggest that proNGF stimulation leads to
increase in expression of p75N™R, which in turn induces the activation of Rho
kinase and JNK pathway thereby leading to neuronal death.
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by pull down assay. Figure 2A suggests that RhoA kinase was activated in AD
and not in control brain hippocampus. The expression of total Rho was equal in
control and AD brain homogenates as shown by Western blot. RhoA activation
induces the phosphorylation of JNK pathway, hence we determined the
phosphorylation of JNK as well. Phosphorylation of JNK was increased in AD
compared to control as shown by Western blotting with phospho-JNK antibody
(figure 2B). The expression of JNK was equal in both control and AD
hippocampus.
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Conclusion

In Alzheimer's Disease hippocampus the expression of proNGF, p75NTR,
activation of Rho and JNK is increased compared to control brain. PC12 cells
stimulated with proNGF increased the expression of p75N™R, Rho and JNK
activation. Inhibition of Rho activation reduced the expression of p75NTR,

activation of Rho and JNK apoptosis.
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