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Abstract
Increased expression of neurotrophins (e.g., NGF, BDNF) and chemokines (e.g., RANTES) has
been observed in neurodegenerative diseases. We examined the effect of these factors on
intracellular signaling cascades inducing cell cycle proteins p53, pRb, and E2F1 in human fetal
mixed neuronal and glial cells. Comparing neurotrophin- and chemokine-treated cultures with
untreated controls showed altered subcellular localization and expression of hyperphosphorylated
retinoblastoma protein (ppRb), E2F1, and p53. Using immunofluorescent laser confocal
microscopy, E2F1 and ppRb were detected exclusively in neuronal nuclei in control cultures while
p53 was cytoplasmic in astrocytes and nuclear in neurons. Following treatment with
neurotrophins, E2F1 and ppRb were observed in the cytoplasm of neurons, while p53 was
observed in both neuronal and astrocytic nuclei. Similar findings were observed following
treatment with RANTES. Semiquantitative analysis using immunoblots showed an increase in the
amount of phosphorylated pRb in treated cultures. Induction of cell cycle proteins may play a role
in neurodegeneration associated with neurotrophin and chemokine stimulation.
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INTRODUCTION
Neurotrophic factors (NTF)3 and chemokines have been found to be upregulated in several
neurodegenerative diseases including Alzheimer’s disease and human immunodeficiency
virus encephalitis (HIVE) (10, 11, 24, 39, 52, 55). In HIVE these factors are secreted by
infected/activated macrophages (17, 20, 21, 34, 35, 46, 47) and associated with neuronal
loss. It has been proposed that neuronal loss in HIVE may be due to increased secretion of
NTF like BDNF (55) and chemokines like MCP1 or RANTES (10, 24, 39, 52), yet how
these factors may lead to neuronal death is not clear.
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Neurotrophins were discovered and characterized on the basis of their function in promoting
neuronal survival, maturation, neurite extension, and synaptic activity (reviewed in 11).
These small, secreted peptides bind to specific members of the tyrosine kinase family of
receptors, trkA, trkB, and trkC. These high-affinity receptors form heterodimers with the
low-affinity neurotrophin receptor, p75NTFR, a member of the death receptor family
(reviewed in 9). Activation of a neurotrophin receptor by its cognate neurotrophic factor
results in initiation of the classic tyrosine kinase cascade via second messengers such as ras
and phospholipase activation (22, 23). These pathways are shared with other members of the
tyrosine kinase superfamily of receptors that regulate cellular proliferation (22, 23). While
activation of neurotrophin receptors in developing neurons is associated with increased cell
survival and differentiation little is known about their function in postmitotic, terminally
differentiated neurons. In nonneuronal cells, these same receptors can induce proliferation
like their mitogenic receptor family members (12, 32).

Chemokines bind receptors that are members of the seven-transmembrane, G-protein-
coupled receptor superfamily (4). Chemokines act as chemoattractants for numerous cell
types of the CNS during development and are believed to play a role in neuronal patterning
(4). Chemokines also activate signaling cascades involved in regulating cellular proliferation
such as the mitogen-activated protein kinase and adenylyl cyclase cascades (4). Receptors
for chemokines are found on hematopoietic and nervous system cells including neurons,
astrocytes, and macrophages. Activation of these receptors by increased chemokines
produced in proximity to degenerating neurons may be partially responsible for neuronal
death in various degenerative diseases. We hypothesized that activation of chemokine
receptors alters activity of cell cycle regulatory proteins in neurons ultimately mediating
neuronal death.

Mitogenic signaling cascades result in phosphorylation of the retinoblastoma susceptibility
protein (pRb) (60, 62). Hyperphosphorylation of pRb (ppRb) disinhibits transcription factors
like members of the E2F family, driving the cell into S phase of the cell cycle (1, 33). E2F1,
the first member of this family to be identified, is unique among all the members in that it
can not only induce cellular division, but also cell death (13, 44). In vivo evidence for this in
the nervous system comes from the pRb knock out mice (57). These transgenic mice die at
E14.5 of massive neuronal loss due to apoptosis. This phenotype is rescued by concomitant
deletion of E2F1 (57) suggesting that E2F1 activity is regulated by pRb in developing
neurons and that deregulation of E2F1 results in apoptosis in these cells.

A second protein responsive to the cellular environment that regulates cell division is the
p53 tumor suppressor protein. In its active form, p53 can have two outcomes on cellular
fate: cell cycle arrest or apoptosis (53). How p53 integrates cellular signals to decide
between these two fates is not known, but, as a transcription factor, p53 has been shown to
regulate expression of p21CDKI, which arrests cells in G1, and BAX, which induces
apoptosis (16, 40). In neurons, p53 has been shown to play a role in apoptosis during
hypoxia, development, excitotoxicity, neurodegeneration, and DNA damage suggesting a
role for this protein in postmitotic neurons (2, 7, 15, 26, 27, 31, 51).

Neuronal death during degenerative diseases has been proposed to occur via apoptotic
pathways, but the duration of these diseases suggests a prolonged mechanism as opposed to
the rapid and orderly proteolytic caspase cascade of apoptosis. Recent reports have
suggested that mature neurons lose caspase expression and undergo apoptosis in a p53-
dependent fashion (25). Further reports have found that cell cycle regulators, specifically
those that target phosphorylation of pRb, are more likely initiators of neuronal death through
a mechanism with a protracted time course (56). This has led us to propose the following
hypothesis: Increased neurotrophic factor and chemokine expression during

Jordan-Sciutto et al. Page 2

Exp Neurol. Author manuscript; available in PMC 2013 June 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



neurodegenerative diseases induces abnormal expression of the cell cycle regulatory
machinery in differentiated neuroglia. To test this hypothesis we treated fetal mixed
neuroglial cultures with the neurotrophic factors BDNF and NGF and the chemokine
RANTES. After treatment for 6 and 48 h, we stained cells for the presence of cell cycle
regulatory proteins: ppRb, E2F1, and p53. We observed alteration in subcellular localization
for all three of these proteins in neurons and glia. Semiquantitative analysis by
immunoblotting, showed a significant increase in the amount of ppRb. These data support
the hypothesis that NTF and chemokines have the ability to alter cell cycle regulatory
proteins in neurons and astrocytes that may lead to neurodegeneration.

MATERIALS AND METHODS
Cell Culture

Human telencephalic tissue between 18 and 22 weeks of gestation was collected as
recommended by the guidelines of the University of Pittsburgh Human Tissue Committee.
The tissue was placed in serum-and pyruvate-free DMEM and chilled on ice. Tissue was
processed following a modified mouse brain dissociation protocol as previously described
(61). Briefly, the meninges and debris were removed from the tissue and the tissue was
minced and rinsed in ice cold Ca2+-and Mg2+ free PBS. The cells were dissociated by
treatment with 0.05% trypsin/EDTA at 37°C for 5 min followed by repeated pipetting.
Trypsin inhibitor was added at 10 mg/ml and the cell suspension was washed with DMEM
by centrifugation at 1000 rpm for 5 min. Cells were filtered through a 70-µm nylon mesh
strainer (Becton Dickinson, Franklin Lakes, NJ) and further cleaned by centrifugation
through an 8% BSA (Sigma, St. Louis, MO) layer at 1000 rpm for 10 min. The cells were
then filtered twice more, first through a 70-µm nylon mesh strainer then by a 40-µm nylon
mesh filter. Cells were resuspended in NPMM without EGF or FGF (Clontech, Palo Alto,
CA) and seeded onto laminin-coated coverslips or flasks at 1,000,000 cells/ml and grown at
37°C in 5% CO2. At the time of treatment cells had been maintained in culture for 7 days.
Medium was refreshed every 3 days. After treatment, cells on laminin-coated coverslips
were fixed in 4% paraformaldehyde for 20 min and washed four time in PBS prior to
staining.

Immunofluorescent Laser Confocal Microscopy
Cells were fixed on coverslips, permeabilized, and blocked in 0.2% bovine serum albumin,
1% Triton X-100 in PBS. After washing the cells were incubated at 4°C overnight with p53
or E2F1 antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) diluted 1:100 in normal
antibody diluent (Scytek, Logan, UT). Cells were washed three times in PBS 0.1% Tween
20 and incubated with a biotin-conjugated goat antimouse secondary antibody (Chemicon
International, Temecula, CA) at 1:200 in normal antibody diluent for 30 min. Cells were
washed in PBS 0.1% Tween 20 three times for 5 min. The antibody signal was then
amplified using the direct tyramide amplification green system (New England Biolabs,
Beverly, MA). The second primary antibody (β3-tubulin 1:80; Biogenex, San Ramon, CA;
or glial fibrillary acidic protein (GFAP), 1:100; Dako, Carpinteria, CA) was incubated on
the cells for 1 h at room temperature for 1 h. The second primary antibody was visualized
using a Cy-3-conjugated secondary (goat anti-mouse at 1:200 for β3-tubulin and goat anti-
rabbit at 1:200 for GFAP) incubated with the cells for 30 min at room temperature. Cells
were washed three times and mounted on slides with gelvatol (5) and analyzed by laser
confocal microscopy (Molecular Dynamics, Sunnyvale, CA), as previously described (54).

Protein Extracts and Immunoblotting
Protein extracts were prepared from mixed neurolgial cells by detergent lysis. Cells were
scraped in detergent lysis buffer (0.1% NP-40, 10 mM Tris (pH 8.0), 10 mM MgCl2, 15 mM
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NaCl, 0.5 mM PMSF, 2 µg/ml pepstatin A, and 1 µg/ml leupeptin) and incubated on ice for
15 min. The nuclei were collected by low-speed centrifugation at 800g for 5 min. The
supernatant was saved as the “S1” fraction. The pellet containing the nuclei was further
extracted with high salt buffer (0.42 M NaCl, 20 mM Hepes (pH 7.9), 1.5 mM MgCl2, 0.2
mM EDTA, 20% glycerol, 0.5mM PMSF, 2 µg/ml pepstatin A, and 1 µg/ml leupeptin) on
ice for 10 min. Residual insoluble material was removed by centrifugation at 14,000g for 5
min. The supernatant fraction was collected and termed the “S2” fraction, which was used
for immunoblots. Protein concentrations were determined by Bio-Rad protein assay.

The proteins were transferred from the 4–16% SDS-polyacrylamide gradient gel to Immun-
Blot PVDF membrane (Bio-Rad, Hercules, CA) by electrophoresis and blocked in 5%
normal goat serum in TBS (10mM Tris (pH 8.0), 150 mM NaCl). All antibodies were used
at 1:1000 in 0.5% milk overnight at 4°C. Blots were washed three times in TBST (TBS +
0.1% Tween 20) for 15 min. Goat anti-mouse-HRP and goat anti rabbit–HRP (1:3000; HRP
(Southern Biotechnologies Inc., Birmingham, AL) were used to detect the appropriate
primary antibodies. The secondary antibody was washed extensively in TBS, three times for
20 min. The antibody was then visualized using enhanced chemiluminescence (ECL)
(Renaissance, NEN Life Science Products, Inc.)

RESULTS
E2F1 Translocates to the Cytoplasm of Neurons and Astrocytes Treated with NGF, BDNF,
and RANTES

Our previous studies have demonstrated expression of NTF and chemokine receptors on
neurons and microglia in human fetal neuroglial cultures (52, 61). CCR3 and CCR5
chemokine receptors were not found on astrocytes, while trk B and Trk A neurotrophin
receptors were (52; Fenner and Achim, unpublished observations). In these studies, NTF
treatment at 2 ng/ml increased survival and neuritic process formation in these cultures over
an extended time course; however, at higher doses toxicity was observed (61; Achim,
unpublished observations). Chemokine treatment of these cultures was observed to cause an
increase in glial cell populations (Achim, unpublished observations). Using this model, we
wanted to determine whether neurotrophic factor and chemokine signaling impact E2F1
expression patterns in neuronal and glial cells. Human fetal neuroglial cultures with subtoxic
doses of NTF, BDNF, and NGF and the chemokine RANTES (50 ng/ml NGF, 50 ng/ml
BDNF, or 100 ng/ml RANTES) for 6 and 48 h. Following treatment the cells were double
labeled for E2F1 and phenotypic markers (class III β-tubulin) for neurons or astrocytes
(GFAP). Staining was visualized by immunofluorescent laser confocal microscopy. Staining
patterns at 6 and 48 h after treatment were similar; therefore, only the 6-h time point is
illustrated here. In untreated cultures E2F1 is found predominantly in nuclei of class III β-
tubulin-positive neurons (Fig. 1a; UT, β tubulin (III), arrows), but was not found in either
cellular compartment of GFAP positive astrocytes (Fig. 1a; UT, GFAP, arrowheads). When
cells were treated with NGF, E2F1 staining was observed in the cytoplasm and processes of
class III β-tubulin-positive neurons (Fig. 1a; NGF, β tubulin (III), arrows) and in the
cytoplasm of GFAP-positive astrocytes (Fig. 1a; NGF, GFAP, arrowheads). There is also
E2F1 staining in the nuclei of these cells. Similarly, cells treated with BDNF or RANTES
also changed distribution of E2F1 to the cytoplasm of neurons (Fig. 1b; BDNF and
RANTES, β tubulin (III), arrows) and of nonneuronal cells, presumably astrocytes
(arrowheads). While E2F1 subcellular changes were consistent among the three treatments,
there were differences in the cell morphology in the treated cultures. Neuronal process
staining for class III β-tubulin was increased in NGF- and BDNF-treated cultures which is
consistent with their proposed roles in neuronal process guidance. RANTES-treated cultures
exhibited increased numbers of astrocytes as previously reported (52).
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NGF, BDNF, and RANTES Treatment Alters p53 Localization in Astrocytes
In untreated neuroglial cultures p53 localized to the cytoplasm of astrocytes (Fig. 2; UT,
GFAP, arrowheads) and the nuclei of neurons (class III β-tubulin, data not shown). In
cultures treated with NGF or RANTES p53 staining became nuclear in astrocytes (Fig. 2;
NGF and RANTES, GFAP, arrowheads), while retaining a nuclear localization in neurons.
Cultures treated with BDNF stained for p53 in both the nuclei and the cell body of
astrocytes with reduced process staining (Fig. 2; BDNF, GFAP, arrowheads).

ppRb Changes from Nuclear to Cytoplasmic in Response to NGF, BDNF, and RANTES
Treatment

When untreated cultures were stained using an antibody to the phosphoserine-795 isoform
of ppRb, ppRb was found to be predominantly nuclear in both astrocytes and class III β-
tubulin-positive neurons (Fig. 3; UT, β tubulin (III)). There was also minimal staining of
processes in neurons of the untreated cultures. Treatment of the cultures with NGF or BDNF
resulted in abundant ppRb staining in the cytoplasm and processes of neurons with a
decrease in nuclear staining (Fig. 3; NGF, BDNF, β tubulin (III), arrows). In astrocytes,
ppRb localization continued to be nuclear (Fig. 3; NGF, BDNF, β tubulin (III), arrowheads).
While treatment of the cultures with RANTES also altered ppRb subcellular localization in
neurons, the staining was only observed in the cytoplasm of the cell body, but not in the
processes or nuclei (Fig. 3; RANTES, β tubulin (III), arrows). ppRb staining in RANTES-
treated cultures appeared to be polarized in the neurons staining the cytoplasm on one side
of the nucleus.

Phosphorylation of pRb Increases after Treatment with NTF
To determine if the changes in subcellular distribution were accompanied by increased
protein expression, we assessed changes in protein expression by immunoblot analysis.
Protein extracts were prepared from human neuroglial cultures treated with 50 ng/ml BDNF,
50 ng/ml NGF, 100 ng/ml RANTES, or medium alone for 48 h and 50 µg of extract was run
on a 4–16% gradient Tris–glycine, SDS–polyacrylamide gel. Immunoblots for the pRb
protein revealed two bands of approximately 105–110 kDa. Presumably the upper band is
the hyperphosphorylated form of pRb (Fig. 4, pRb and ppRb, top row). To confirm this, we
used an antibody generated to the phosphoserine-795 isoform of pRb and found that ppRb
was increased in neurotrophin-treated cultures (Figs. 4A and 4B, ppRb lanes 2 and 3, second
row). The amount of p53 and E2F1 protein was not altered by the various treatments (Figs.
4A and 4B, third and fourth rows). Actin is shown as a control for loading. Quantification of
these data (Fig. 4B) suggests that while p53 and E2F1 change subcellular localization in
response to NTF and chemokines, their expression levels remain constant.

DISCUSSION
During progression of neurodegenerative diseases, especially those that involve an
inflammatory component, neurotrophins and chemokines have been observed to be
expressed at an increased level (4, 11, 52, 55). The impact of this change in the composition
of the extracellular neuronal milieu is not clearly defined. To begin to determine the
potential mechanisms that contribute to neuronal loss during neurodegenerative diseases, we
hypothesized that the neuronal and astrocytic response to neurotrophins and chemokines
might include alteration in the activity and expression of cell cycle regulatory machinery
intricately associated with the state of differentiation. To test this hypothesis we treated
human neuroglial cultures with NGF, BDNF, and RANTES. We report here that cell cycle
proteins, E2F1, p53, and hyperphosphorylated pRb exhibit altered subcellular localization in
response to NTF and chemokines.
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In our culture system, E2F1 is predominantly nuclear in untreated neurons. After treatment
with neurotrophins or RANTES, E2F1 localizes to the cytoplasm and processes of both
neurons and astrocytes. This is in contrast to previous reports that E2F1 is a nuclear protein
that functions as a transcription factor (1, 33). Recently, E2F1 has been shown to cause
apoptosis by a transcription-independent mechanism. Increased expression of E2F1 caused
increased degradation of the TRAF2 protein (45). Since TRAF2 is a cytoplasmic protein that
binds death receptors like TNF-α receptor in the plasma membrane, destabilization of
TRAF2 is likely to occur in the cytoplasm (14). Further, TRAF6, a TRAF2 family member,
has been shown to bind the p75NTFR, the low-affinity receptor bound by NGF and BDNF
(30). Taken together, these data and our findings suggest that E2F1 may play a role in the
cytoplasm regulating receptor activity that can directly impact cell survival in neurons and
astrocytes.

The fact that we do not see an increase in E2F1 protein expression in response to NTF or
chemokine treatments, but do see dramatic changes in subcellular distribution, suggests an
alteration in E2F1 activity. E2F1 activity is regulated by interactions with the pRb family of
proteins (1, 33). The antibody used to detect E2F1 in this study specifically recognizes the
pRb interaction domain of E2F1. Since we do not use harsh detergents that would disrupt
this interaction in our staining protocol, we believe that in untreated cultures, E2F1 is
present, but in complex with pocket proteins, and therefore not detected by our antibody. In
the NTF and chemokine treated cultures, we observe changes in localization and
phosphorylation of pRb concomitant with changes in E2F1 subcellular distribution. Since
hyperphosphorylated pRb does not interact with E2F1, our findings are consistent with
detection of free E2F1 in the cytoplasm as opposed to newly produced E2F1. Future
experimentation is directed at addressing the source of the cytoplasmic E2F1.

Treatment of neuroglial cultures with neurotrophins results in increased phosphorylation of
pRb. In the hyperphosphorylated state, ppRb becomes localized to the cytoplasm and
processes of neurons. This change in subcellular localization suggests that E2F1 and ppRb
are not localized so as to interact and regulate transcription in the nucleus, their most well
characterized activity. The presence of ppRb in the cytoplasm of neurons is a novel
observation that is consistent with our in vivo observations in the cortex of simians with
lentiviral induced encephalitis (29). We also observed an increase in hyperphosphorylated
pRb when cells are treated with neurotrophins, but not with chemokines. This is interesting
in light of the difference in staining pattern for ppRb in response to NTF and chemokines. In
future experiments, we plan to study the differential response of ppRb to chemokines and
NTF and determine the role of ppRb in neuronal cell death. The role of ppRb in cell death is
likely to involve changes in E2F1 activity, which will be studied in the same context.

p53 appears to have a role that is distinct from E2F1 and ppRb. Changes in p53 subcellular
localization occur in astrocytes where p53 becomes nuclear in response to neurotrophins and
RANTES. These changes would be consistent with the stabilization of p53 in these cells.
Normally p53 is produced and degraded in the cytoplasm, but in response to appropriate
signals, p53 becomes stabilized and accumulates in the nucleus where it acts as a
transcription factor (53). p53 induces several target genes that can cause a cell to arrest or to
undergo apoptosis (16, 40). Our observations suggest that p53 is being stabilized in
astrocytes where it may arrest the cells or induce apoptosis. The presence of p53 in the
nuclei of neurons suggests that these cells are already postmitotic as expected. Since p53 can
be stabilized by increased expression of p19ARF or phosphorylation by kinases like DNA
protein kinase, we will characterize the expression of p19ARF and the phosphorylation of
p53 in response to neurotrophins and chemokines.
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Reactivation of cell cycle proteins has been implicated in other neurodegenerative diseases
including Alzheimer’s disease and amyotrophic lateral sclerosis (3, 6, 8, 28, 37, 38, 43, 48–
50, 58, 59). Increased p53 and pRb staining have been reported (36, 41, 42) as well as
regulators of pRb activity, the cyclin-dependent kinases and their inhibitors (3, 6, 37, 43).
Cyclin-dependent kinases, pRb, and E2F activity have been implicated in β-amyloid toxicity
in an in vitro model of Alzheimer’s disease (18, 19). These data suggest that further
experiments defining the role of cell cycle proteins in neuronal loss may have implications
for other neurodegenerative diseases.

Because we used mixed neuroglial cultures we cannot rule out indirect effects mediated by
paracrine and autocrine responses to our treatments. We are currently testing the effects of
NTF and chemokines on cell cycle proteins in pure neuronal cultures compared to pure
astrocytic cultures to address this issue. Future experiments will focus on the mechanisms
employed by cell cycle proteins to cause neuronal death. The observation that cell cycle
proteins are not only present in neurons and astrocytes, but responsive to neurotrophin and
chemokine signaling, suggests that cell cycle regulators have functions beyond proliferation
in these postmitotic cells. The extracellular environment of several neurodegenerative
diseases including Alzheimer’s disease and HIV encephalitis is consistent with activation of
cell cycle proteins shown here (10, 11, 24, 39, 52). We have recently reported a similar
change in subcellular localization of E2F1 and ppRb in the simian model of HIV
encephalitis further suggesting that our in vitro model is mimicking in vivo events (29).
Determining how these proteins respond to such signaling in CNS cell types, what signaling
pathways are involved, and whether they contribute to cell death will give us insight into the
molecular mechanisms behind neurodegenerative disorders that involve inflammatory cells
of the CNS.
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FIG. 1.
E2F1 localizes to the cytoplasm of neurons and astrocytes treated with NGF, BDNF, and
RANTES. (a) E2F1 (FITC green) was undetectable in astrocytes (GFAP; Cy3 red,
arrowheads) in untreated (UT) human fetal neuroglial cultures, but observed in nuclei and
cytoplasm of astrocytes treated with NGF (NGF GFAP, arrowheads). In neurons, E2F1
(FITC green) localized to nuclei (β Tubulin (III); Cy3 red, arrows) in untreated (UT)
cultures and to the nuclei and cytoplasm of neurons in cultures treated with NGF (arrows).
(b) In BDNF- and RANTES-treated cultures, E2F1 (FITC green) localized to the nuclei and
cytoplasm of neurons (β Tubulin (III); Cy3 red, arrows) and to the nuclei and cytoplasm of
nonneuronal cells similar to the NGF-treated cultures (arrowheads). Cultures shown were
treated for 6 h as indicated. Colocalization of the two signals appears yellow. Bar, 20 µm.
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FIG. 2.
NGF, BDNF, and RANTES treatment alters p53 localization in astrocytes. p53 (FITC green)
localized to the cytoplasm of astrocytes (GFAP Cy-3, arrowheads) in untreated cultures
(UT). Neuroglial cultures treated with NGF, BDNF, or RANTES exhibited p53 staining in
astrocytic and nonastrocytic nuclei. Cultures shown were treated for 6 h as indicated.
Colocalization of the two signals appears yellow. Bar, 20 µm.
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FIG. 3.
Hyperphosphorylated pRb (ppRb) localizes to the cytoplasm of neurons in response to NGF,
BDNF, and RANTES treatment. In untreated neuroglial cultures (UT), ppRb (FITC green)
localized to the nuclei of both neurons (β tubulin(III); Cy3 red, arrows) and astrocytes
(arrowheads). Treatment with NGF and BDNF resulted in ppRb staining in the cytoplasm
and processes of neurons excluding the nucleus (arrows). ppRb localized to the cytoplasm,
but not processes or nuclei of neurons. Cultures were treated as indicated for 6 h.
Colocalization appears yellow. Bar, 20 µm.
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FIG. 4.
Phosphorylation of pRb increases after treatment with NTF. (A) Protein levels of pRb (top
panel), ppRb (panel 2), p53 (panel 3), E2F1 (panel 4), and actin (panel 5) comparing protein
extracts from untreated (UT) (lane 1) neuroglial cultures or cultures treated with BDNF,
NGF, or RANTES (lanes 2–4). The slower migrating band on the pRb immunoblot (top
panel) is a hyperphosphorylated form of pRb (ppRb). An antibody to the serine 795
phosphoisoform of pRb is shown in panel 2. Immunoblot for actin was used to normalize for
loading. (B) Bands detected by ppRb, E2F1, p53, and actin were quantified by NIH Image
1.5.8. All bands were normalized to the amount of actin. Shown is the fold increase in
protein expression over untreated cultures. Standard deviations between three quantification
trials are indicated by error bars.
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