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ABSTRACT A subclass of zinc finger proteins containing a
unique protein motif called the positive regulatory (PR) domain
has been described. The members include the PRDI-BF1y
Blimp-1 protein, the Caenorhabditis elegans egl-43 and EVI1 gene
products, and the retinoblastoma interacting protein RIZ. Here
we describe a member of this family, SC-1, that exhibits several
distinctive features. First, SC-1 interacts with the p75 neurotro-
phin receptor and is redistributed from the cytoplasm to the
nucleus after nerve growth factor (NGF) treatment of trans-
fected COS cells. The translocation of SC-1 to the nucleus was
specific for p75, as NGF binding to the TrkA receptor did not lead
to nuclear localization of SC-1. Thus, SC-1 provides a down-
stream transducer for the effects of NGF through the p75
neurotrophin receptor. Under normal growth conditions, SC-1
was found predominantly in the cytoplasm. On serum-
starvation, SC-1 also translocated into the nucleus. A direct
correlation between nuclear expression of SC-1 with the loss of
BrdUrd incorporation was observed. These results imply that
SC-1 may be involved in events associated with growth arrest.

Neurotrophins influence a wide number of functions in the
nervous system, including neuronal cell survival, cell differenti-
ation and apoptosis, synaptic plasticity, and control of axonal
guidance and dendritic cell growth (1–3). These actions are
mediated by neurotrophin binding to two separate receptor
classes, the Trk family of tyrosine kinase receptors and the p75
neurotrophin receptor, a member of the tumor necrosis factor
receptor superfamily. Nerve growth factor (NGF), brain-derived
neurotrophic factor, and neurotrophin 4y5 and neurotrophin 3
bind to TrkA, TrkB, and TrkC, respectively, whereas each neu-
rotrophin is capable of binding to p75 with a similar affinity (4).
In the presence of TrkA receptor, p75 can participate in the
formation of high affinity binding sites and enhanced neurotro-
phin responsiveness leading to increased cell survival (5). In the
absence of TrkA receptors, p75 can activate NF-kB and JNK
activities and can generate, in specific cell populations and
conditions, a death signal (6–9). This dichotomy in responses has
raised questions regarding the nature of the signaling mechanisms
and how specificity for the two neurotrophin receptors is en-
coded.

To elucidate the function of p75, an extensive two-hybrid
screen was undertaken to identify proteins that interact with the
cytoplasmic domain of p75. Such candidate molecules could
reveal insight into the signal transduction mechanisms mediated
by neurotrophins through the p75 receptor. One of the clones
identified by this screen encoded a protein called SC-1 that
contains six zinc finger domains and a unique domain, the positive
regulatory (PR) or PRDI-BF1 and RIZ homology domain. The
PR domain was previously identified as a common motif in
several transcription factors, including RIZ and PRDI-BF1 (10,

18). Here, we describe the structural features of SC-1, its asso-
ciation with p75 neurotrophin receptor, and its subcellular local-
ization. We find the distribution of SC-1 is strongly regulated by
NGF binding to the p75 receptor and by growth conditions.
Interestingly, the localization of SC-1 is not under control of NGF
binding to the TrkA receptor or by other neurotrophins, such as
brain-derived neurotrophic factor and neurotrophin 3. These
observations define SC-1 as a protein that is differentially con-
trolled by neurotrophin and serum conditions.

MATERIALS AND METHODS
Yeast Expression Vectors. The Matchmaker Two-Hybrid Sys-

tem 2 (CLONTECH) was used to identify p75 interacting pro-
teins, except that the cDNA library was cloned into the pGAD424
activation plasmid. Schwann cell cDNA was subcloned into
EcoRI (59) and PstI (39) sites of pGAD424 GAL4 activation
domain vector by using synthetic linkers. This library was a
generous gift from Greg Lemke (Salk Institute). The bait was
constructed by subcloning the rat p75 cDNA containing amino
acids 244–399 into EcoRI (59) and BamHI (39) sites of the
pAS2–1 vector to generate an in-frame fusion protein with the
GAL4 DNA binding domain. The Saccharomyces cerevisiae strain
Y190 was used for transformations. It contains GAL1 upstream
activating sequences in front of both HIS3 and LacZ reporter
genes and is responsive to GAL4 transcriptional activation. The
strain was maintained on yeast extractypeptoneydextrose full
media and was grown to log phase at 30°C, and then was
transformed and plated onto Leu2Trp2His2 selective media to
allow for the growth of double transformants, which show an
interaction. Positive colonies were isolated, were replated on a
master plate, and were assayed for LacZ expression by a quali-
tative colony b-galactosidase activity assay. The library plasmid
from double positive yeast colonies was rescued by transforma-
tion in HB101 and was subjected to DNA sequencing.

Isolation, Expression, and in Vitro Translation of SC-1 cDNA.
A 2.1-kilobase (kb) clone containing the 39 portion of the SC-1
cDNA was identified by the yeast screen and was used to isolate
a full length 4-kb cDNA from a rat E13 brain cDNA library (Cary
Lai, Scripps Institute). The cDNA was rescued into pBS by use of
a helper phage. Total RNA (20 mg) was isolated from adult rat
tissues and cell lines by using Trizol reagent (GIBCOyBRL) and
was separated by agarose gel electrophoresis. RNA was trans-
ferred to nylon membranes (Qiagen, Chatsworth, CA) and was
hybridized with a 578-base pair EcoRVyEcoRI fragment of SC-1
cDNA or a rat p75 cDNA. A coupled in vitro transcription and
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translation system (Promega) was used to express the full length
SC-1 cDNA. The reaction was carried out at 30°C for 2 hours, and
the products were verified by SDSyPAGE. The gel then was
dried, fixed, and enhanced and exposed to x-ray film overnight to
visualize the translation product.

Binding Assay. In vitro translated full length SC-1 was incu-
bated with human glutathione S-transferase (GST)–p75 fusion
proteins immobilized on glutathione-Sepharose beads in 500 ml
of binding buffer (10 mM Hepesy142 mM KCly5 mM MgCl2y1
mM EDTAy0.2% Nonidet P-40) supplemented with protease
inhibitors and 1% BSA. The binding was carried out at 4°C for
4–16 hours, and the beads then were washed three times with 1
ml of binding buffer without BSA. Bound proteins were eluted
from the beads by boiling the latter in SDSyPAGE loading buffer
for 5 min and were separated by a 7% SDSyPAGE. The gels then
were fixed and exposed to x-ray film overnight for visualization of
the proteins bound to the beads. The GST-p75 constructs con-
tained the NH-terminal part including amino acids 250–322 and
the COOH-terminal containing amino acids 321–399.

Cell Culture. COS cells were maintained in DMEM supple-
mented with 10% FBS. Serum starvation was carried out for
indicated time periods. Transfection was carried out by using the
calcium phosphate procedure. After transfection, cells were
allowed to recover in DMEM supplemented with 10% FBS for
1 day before any further treatments. Recombinant NGF (Ge-
nentech) was added at a concentration of 100 ngyml for indicated
times to transfected cell cultures, grown in DMEM and 10% fetal
bovine serum.

Mammalian Expression Constructs of SC-1. The cDNA for
SC-1 was subcloned into pFLAG-CMV-2 expression vector
(Eastman Kodak) to allow immunological detection of the pro-
tein. Two constructs were made: (i) pSC1 contained the full-
length SC-1 cDNA; and (ii) pSC2 encoded the original yeast
clone, which contained amino acids 490–814. pSC2 was con-
structed by using PCR with the following primers: 59-primer
59CCCAAGCTTAGGAACCGTGAAGAACAG-39 with a Hin-
dIII site (in italics) and 39-primer 59TGCTCTAGAGTGGGCT-
GGTTATGTTTTCCC-39 containing an XbaI site (in italics)
incorporated into the respective primers. pSC1 was generated by
a two-step subcloning as follows: SC1pBS was digested with
EcoRV and KpnI to release a fragment containing the coding and
39 untranslated sequences. This fragment was subcloned into
pFLAG vector digested with the same enzymes to generate a
plasmid termed Fsc1-Kpn; the missing 59 sequence of the cDNA
was amplified by PCR using the following primers: 59-
GGGAAGCTTATGAATGACATGAACTTGAGCCC-39 with
a HindIII site (in italics) and an endogenous ATG in bold and
59-GGACGCTGTCAGATATCCCATTG-39 with an endoge-
nous EcoRV site (in italics). This fragment was purified by glass
elution (Bio 101) from an agarose gel, digested with HindIII and
EcoRV, and subcloned into Fsc-Kpn construct digested with the
same enzymes. The construct was verified by DNA sequencing.

Immunoprecipitation and Western Blotting Procedures. COS
cells transfected with either Flag-tagged SC-1 constructs or
cotransfected with rat p75 receptor [rat p75 cDNA in pCDNA3
vector from B. Carter (Vanderbilt University)] were washed with
cold PBS and were scraped and centrifuged. The cells (from a
10-cm dish) were lysed in 250 ml Nonidet P-40 lysis buffer (150
mM NaCly0.5% Nonidet P-40y50 mM Tris, pH 7.5) supple-
mented with protease inhibitors. Lysates were incubated on ice
for 20 min and were subjected to preclearing with protein A beads
(Amersham Pharmacia). The supernatants then were collected
and subjected to immunoprecipitation performed by using anti-
Flag antibodies, followed by Western blotting. A polyclonal
antibody against the cytoplasmic region of the p75 receptor was
used at a 1:5,000 dilution for immunoblots. An anti-Flag antibody
(Kodak) was used at a final concentration of 1 mgyml. Proteins
were visualized by using the enhanced chemiluminescence (ECL)
procedure (Amersham Pharmacia).

Immunostaining Procedures. COS cells were transiently trans-
fected and then were fixed in cold methanolyacetone and stained
with the primary anti-Flag antibody at a 1 mgyml concentration
in PBS supplemented with 3% fetal calf serum for 1 hour.
Secondary anti-mouse biotin coupled antibody (Vector Labora-
tories) then was added at a 1:500 dilution for 1 hour, followed by
1 hour with FITC-avidin complex (Vector Laboratories; 1:250).
When two different antibodies were used to detect cotransfected
cells, the following procedure was used. After anti-Flag staining,
the cells were blocked for 1 hour in PBS with 10% goat serum,
and primary antibodies were added at 1:500 for anti-p75 poly-
clonal antibody 9651 (11) and 1:500 for anti-TrkA polyclonal
antibody (12) for 1 hour. Anti-rabbit biotin coupled secondary
antibodies (Vector Laboratories) were added at 1:500 dilution for
another hour, and a rhodamine-avidin complex (Vector Labo-
ratories) then was added at a 1:250 dilution to the cells for an
additional hour.

For BrdUrd labeling, COS cells cotransfected with SC-1 and
p75 cDNAs were treated with NGF for 1 hour and 10 mM BrdUrd
for an additional 3 hours. Cells were fixed in cold methanoly
acetone at room temperature for 5 min and were stained with
anti-Flag antibody as described above. Subsequently, stained cells
were treated with 2 M HCl for 10 min at room temperature and
were neutralized with freshly made 0.1 M Borax (pH 8.6) for 10
min. Monoclonal anti-BrdUrd IgG1 (Dako) was applied at a
1:100 dilution in PGBA buffer (0.1 M phosphate buffery0.1%
gelatiny1% BSAy0.002% sodium azide) for 3 hours at room
temperature or overnight at 4°C. Anti-mouse IgG1-Texas Red-
conjugated antibody (South Biotech, Birmingham, AL) was
added at a 1:100 dilution in PGBA for 1 hour at room temper-
ature. The slides were mounted by using PBS and glycerol.

RESULTS
Isolation of p75 Interacting Protein, SC-1. A yeast expression

library made from rat Schwann cell cDNA was screened for p75
interacting proteins. The entire cytoplasmic domain of the rat p75
receptor was used as a bait. One cDNA clone, called SC-1,
activated both HIS3 and lacZ transcription when grown with p75
but not with laminin or a truncated Gal4 protein. SC-1 was of
interest because of the presence of multiple zinc finger motifs,
which also are found in tumor necrosis factor receptor-associated
factor proteins that are associated with the tumor necrosis factor
receptor (13) and with the p75 receptor (14).

A full length cDNA of 4 kb was isolated from a rat E13 whole
brain library. The predicted amino acid sequence of SC-1 indi-
cates an ORF of 798 amino acids corresponding to a protein of
89 kDa, assuming that the first of three contiguous methionines
is used as the start codon. Six zinc-fingers motifs are located at the
carboxyl terminus of SC-1. The zinc fingers are of the Kruppel
type, with two canonical histidine and cysteine residues (under-
lined in Fig. 1A). The region downstream of the zinc fingers
between amino acids 749 and 791 has a highly acidic domain,
containing a predominance of glutamic and aspartic acids (32%).
At the N terminus are regions extremely rich in serine residues
and proline sequences. This sequence represented a potential
PEST sequence, which is associated with an increased sensitivity
to intracellular degradation.

A motif present in SC-1 between amino acids 421 and 528,
shown in Fig. 1B, displayed homology to the PR domain (18).
This domain was identified in several other zinc finger-containing
proteins, PRDI-BF-1 (15) or Blimp-1 (16, 17), RIZ (18), the C.
elegans egl-43 gene product (19), and Evi1 (20). An alignment of
these domains is presented in Fig. 1E. The PR domain most
closely related to SC-1 is that of Blimp, with 32.2% similarity,
followed by RIZ, with 26.7% similarity. The PR sequence and the
absence of a tumor necrosis factor receptor-associated factor
domain makes SC-1 structurally different from the zinc finger
proteins of the tumor necrosis factor receptor-associated factor
subfamily (21).
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To investigate the tissue distribution of SC-1, a Northern blot
analysis was performed. SC-1 mRNA was found mainly in
neuronal tissues, with one transcript migrating at 4.8 kb and an
additional higher transcript of 6 kb found in the cerebellum (Fig.
1C). Expression of SC-1 mRNA also was detected in growing
Schwann cells and PC12 cells, along with p75 mRNA (Fig. 1D).

Association of SC-1 with p75. To verify the interaction between
the cytoplasmic domain of p75 and SC-1, the original yeast clone
was introduced into a mammalian vector with a Flag-epitope to
generate pSC2. This construct was cotransfected with
pcDNA3p75 in 293 cells and was subjected to immoprecipitation
with anti-Flag antibodies. The p75 receptor was detected in a
complex with the C-terminal SC-1 protein after immunoprecipi-
tation (Fig. 2A). As controls, expression of the Flag vector alone
and an unrelated Flag-tagged protein, Flag-Bre (22), did not
result in coprecipitation of p75. Expression of Flag-tagged pro-
teins was monitored by anti-Flag antibodies (Fig. 2B). The results
of these experiments indicate that the C-terminal half of SC-1 was
sufficient for binding p75.

As another means of confirming the association of SC-1 with
the p75 receptor, we used GST-p75 fusion protein constructs to
examine the binding of SC-1. Full length SC-1 was translated in

vitro and was tested for binding to GST-p75 fusion proteins. The
p75 intracellular domain contains a sequence that is related to the
death domain (23) and also the death effector domain (24).
Binding of SC-1 was found with a GST fusion construct contain-
ing the juxtamembrane region of the receptor but not the
C-terminal portion containing the death domain of the receptor
(Fig. 2B). Binding to GST protein was not observed under these
conditions. It is noteworthy that the juxtamembrane region is the
most evolutionarily conserved domain of the p75 receptor (25).

Effect of Neurotrophins on SC-1 Localization. To investigate
the subcellular distribution of SC-1, we introduced the full length
SC-1 into a Flag vector to produce a construct, pSC1. Expression
of this protein was monitored by transfection into COS cells
followed by indirect immunofluorescence using anti-Flag anti-
bodies. SC-1 adopted a mostly cytoplasmic localization after
transient transfection (Fig. 3).

COS cells also were cotransfected with SC-1 and p75 cDNAs.
The subcellular distribution of SC-1 protein was monitored with
anti-Flag antibodies whereas expression of p75 receptors was
detected with an anti-p75 antibody, 9651, which recognizes the
extracellular domain of the receptor (11). Addition of NGF to
cotransfected COS cells shifted the distribution of SC-1 toward a

FIG. 1. Sequence and RNA analysis of SC-1. (A) Full-length amino acid sequence of the rat SC-1. The PR domain is indicated in italics. The
zinc fingers are underlined. (B) Schematic representation of the SC-1 amino acid sequence. Six zinc fingers are located at the COOH terminus.
Two serine-rich regions are indicated by steepled boxes, a proline-rich region is indicated as the squared box, and the PR domain is indicated. Below,
a schematic representation of the original yeast clone coding sequence is shown for comparison containing amino acids 490–814 (truncated SC1).
(C) Northern blot of SC-1 mRNA in adult rat tissues (20 mg total RNA). The blot was stained with methylene blue to visualize the amount of RNA
loaded onto each lane (Lower). (D) SC-1 and p75 receptor mRNA expression in cultured Schwann cells and PC12 cells (10 mg total RNA each
lane). Lanes: 1, proliferating Schwann cells; 2, quiescent Schwann cells; 3, PC12 cells. (E) An alignment of the PR domains from SC-1, Blimp, RIZ,
evi1, and egl-43. The identical amino acids are boxed and shaded. Dashes indicate sequence gaps.
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more nuclear localization (see Fig. 3). This effect of NGF could
be observed after 1 hour of treatment. A quantitation of the
subcellular distribution of cells expressing SC-1 was carried out by
counting the number of cells with a cytoplasmic, nuclear, or
intermediate distribution (Fig. 4). An intermediate state re-
flected a cell in which SC-1 protein was found both in the
cytoplasm and nucleus. Also, the relocalization of SC-1 appeared
to be specific for NGF as treatments with brain-derived neuro-
trophic factor and neurotrophin 3 did not considerably change the
cytoplasmic distribution of SC-1 (data not shown). Other differ-
ences in the behavior of neurotrophins after binding to p75 have
been observed (9, 26). It is not known what accounts for
differential neurotrophin responsiveness, but the differences may
be attributable to alternative conformational states of bound p75
(4) or differential recruitment of substrate molecules (14).

Effect of Serum. The distribution of SC-1 was also dramatically
affected by serum conditions. After withdrawal of 10% fetal calf
serum for 30 min, the distribution of SC-1 shifted to a predom-
inately nuclear location (Fig. 3). To investigate the kinetics of

SC-1 translocation to the nucleus, a time course of serum
withdrawal from the transfected COS cells was carried out. We
measured the localization of SC-1 after 30 min, 1 hour, and an
overnight withdrawal of serum. The time course of serum with-
drawal revealed that, after 30 min, .60% of the SC-1 transfected
cells are found in the nucleus. By 1 hour, nearly 30% of the
transfected cells SC-1 displayed immunoreactivity in the nucleus.
After overnight withdrawal of serum, .80% of the transfected
cells displayed SC-1 protein in the nucleus. The results summa-
rized in Fig. 4 indicated that there is a progressive increase in the
number of cells in which SC-1 protein was found in the nucleus.

Because SC-1 belongs to a family of proteins implicated in
growth arrest and cell differentiation events (10, 16, 17, 27), we
assessed whether the expression of SC-1 was related to the
proliferative state of COS cells. To test whether these cells had
withdrawn from the cell cycle, we measured the incorporation of
BrdUrd in SC-1 transfected cells. To this end, we cotransfected
SC-1 and p75 into COS cells, subjected the cells to treatment with
NGF for 1 hour, and then labeled with BrdUrd for another 3
hours. Staining of these cells with antibodies against BrdUrd and
Flag-SC-1 revealed that those cells that were positive for BrdUrd
were negative for SC-1 expression (Fig. 5) or displayed a pre-
dominately cytoplasmic distribution. The presence of SC-1 in the
nucleus correlated with the lack of BrdUrd incorporation. Al-
though speculative, in light of the function of PR proteins (17, 27),
SC-1 may play a role in events leading to growth arrest.

Effect of TrkA on SC-1 Distribution. Because NGF was
capable of inducing SC-1 translocation into the nucleus in a
sustained manner, we asked whether expression of the TrkA
NGF receptor also would change the distribution of SC-1 protein.
We therefore cotransfected a rat TrkA cDNA with SC-1 into
COS cells. SC-1 was found to be predominantly cytoplasmic after

FIG. 2. Interaction of p75 and SC-1. (A) Transfected 293 cells
expressing the rat p75 cDNA; an unrelated protein, Flag-tagged BRE,
and a Flag-tagged truncated SC-1 cDNA (pSC2; amino acids 490–814;
Fig. 1B) were subjected to immunoprecipitation using anti-Flag anti-
bodies, followed by blotting with the anti-p75 antibody, 9992. The
arrowheads demonstrate the position of p75 on the blot, which
migrated as a doublet, representing products of differential glycosyl-
ation of p75. Lanes: 1, p75 and pSC2; 2, p75 and Flag vector; 3, p75
and an unrelated protein Flag-Bre cDNA (22); 4, 293 cells transfected
with p75 cDNA alone, probed with anti-p75, 9992 antibody. In the
lower panel, the transfected proteins were detected after immunopre-
cipitation and Western blotting with anti-Flag antibodies. (B) SC-1
interacts with the juxtamembrane domain of human p75. GSTp75
fusion proteins were used for assessing the binding of in vitro translated
SC-1 to p75 intracellular sequences. The binding reaction was carried
out by using 3 mg of the GSTp75 fusion proteins on glutathione beads.
The left-most lane represents input in vitro translated SC-1 protein.
The proteins were resolved on a 7% SDSyPAGE gel. The arrowhead
indicates the migration of the major in vitro translated product of SC-1.

FIG. 3. Subcellular localization of SC-1 is regulated by both serum
and NGF. Flag-tagged SC-1 (pSC1) was either transfected alone or in
combination with either p75 or TrkA into COS cells. Transfected cells
were stained with anti-Flag antibodies and appropriate receptor
antibodies followed by the secondary antibodies coupled to FITC for
SC-1 or rhodamine for p75 or TrkA staining. (Upper) COS cells
transfected with SC-1 in 10% fetal calf serum and after 1 hour of serum
withdrawal. (Lower) COS cells were transfected with SC-1 and p75
cDNA or with SC-1 and TrkA cDNAs. Immunostaining for Flag-SC-1
was carried out before and after 1 hour of treatment with 100 ngyml
NGF. ap75 and aTrkA panels represent expression p75 and TrkA
receptors after staining with 9651 (11) or RTA antibodies (12).
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transfection (Fig. 3). No difference in its localization could be
observed between untreated cells and NGF treated cells (Fig. 3).
Expression of the TrkA receptor with SC-1 in COS cells pre-
vented SC-1 from entering the nucleus under serum-poor con-
ditions, as well as on NGF treatment. The expression of TrkA
receptors was verified by using an anti-TrkA antibody (RTA; Fig.
3) that recognizes the extracellular domain of rat TrkA receptor

(12). NGF binding to TrkA receptors did not have an influence
on the distribution of SC-1 in COS cells, in direct contrast to the
p75 receptor. Also, in cells transfected with SC-1, TrkA, and p75
cDNAs, NGF treatment did not lead to a nuclear localization for
SC-1 (data not shown). The two NGF receptors therefore give
divergent responses through downstream signaling compo-
nents (28).

DISCUSSION
Neurotrophins promote cell differentiation and survival through
a two-receptor system, involving Trk tyrosine kinase receptors
and the p75 receptor, a member of the tumor necrosis factor
receptor superfamily. Here, we describe the cloning of a zinc
finger protein that interacts with the p75 receptor. SC-1 is a
protein of 814 amino acids whose subcellular distribution is
regulated by NGF and serum withdrawal. In COS cells trans-
fected with SC-1 cDNA, SC-1 is found predominantly in the
cytoplasm. However, on coexpression of SC-1 with p75 and after
NGF treatment, the protein translocated to the nucleus. The
kinetics of NGF-dependent translocation of SC-1 demonstrated
that, after 1 hour of NGF addition, the protein was found in the
nucleus. The effect on translocation of SC-1 relied on coexpres-
sion of p75 with SC-1 and was not observed in COS cells
transfected with both TrkA and SC-1.

Under the normal serum-rich growth conditions, SC-1 protein
is found predominantly in the cytoplasm. Serum starvation of the
cells induced the translocation of this protein to the nucleus.
Cotransfection of the TrkA receptor with SC-1 in COS cells
prevented SC-1 from entering the nucleus after NGF treatment
and under serum-poor conditions. It is interesting to note that
TrkA behaves in a mitogenic manner in fibroblast or non-
neuronal cells (29, 30). Engagement of TrkA by NGF in fibro-

FIG. 5. Incorporation of BrdUrd after transfection of COS-1 cells with SC-1. Expression of SC-1 was detected by using anti-Flag antibody (Kodak)
and by FITC-coupled secondary antibody. Incorporation of BrdUrd in COS cells was detected by using an anti-BrdUrd primary antibody and a
Texas-Red-coupled secondary antibody. (A) COS cells stained for BrdUrd. (B) COS cells stained for Flag-SC-1. (C) An overlay of A and B showing that
the BrdUrd and SC-1 immunoreactivities are mutually exclusive. (D) Quantitation of BrdUrd-positive COS cells transfected with SC-1.

FIG. 4. Quantitation of the subcellular distribution of SC-1. Shown
is quantitation of the effects of serum starvation and NGF treatment
on the subcellular distribution of SC-1 in transfected COS cells. The
total number of cells displaying SC-1 expression was measured and is
represented as a percentage (%). Three different states were moni-
tored: nuclear, cytoplasmic, or intermediate staining. Statistical anal-
ysis was carried out by using the x2 test. The P values obtained varied
between P , 0.001 and P , 0.01.
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blastic cells might result in a proliferative state, thereby prevent-
ing SC-1 from entering the nucleus.

The effect of serum withdrawal on the subcellular localization
of SC-1 led us to test whether cells with nuclear accumulation of
this protein could incorporate BrdUrd as a measure of their
replicative capacity. Cells expressing nuclear SC-1 did not exhibit
BrdUrd incorporation. Cells incorporating BrdUrd either did not
express SC-1 or expressed the protein only in the cytoplasm. This
indicated a correlation between the distribution of SC-1 and the
proliferative state of the cell. Thus, the subcellular distribution for
SC-1 during growth conditions and its accumulation in the
nucleus after serum withdrawal may be associated with changes
in cell cycle progression.

Previously, increased expression of p75 was shown to increase
cell cycle arrest of sympathoadrenal cells, MAH cells, that
concomitantly express TrkA (31). The mechanism by which p75
exerts this effect is unclear, but the regulation of SC-1 distribution
may play a role. It is interesting in this respect that, when
coexpressed with TrkA, SC-1 shows exclusively cytoplasmic dis-
tribution in COS cells. Because the TrkA can act to transform
cells or to promote mitogenesis, the restriction of SC-1 from a
more nuclear localization may represent a mechanism to prevent
growth arrest. It is possible that the integration of signals from p75
and TrkA are responsible for the coordinated induction of cell
cycle arrest and eventual differentiation of the cells of neural
lineage or, alternatively, the maintenance of the differentiated
state of the mature cells. This hypothesis is substantiated by the
observation that Blimp-1, a protein with homology to SC-1,
regulates the maturation of B cells by repressing transcription of
the c-myc gene (17) and other phenotypic traits (27).

A comparison of the sequence of SC-1 to other related proteins
is informative. Other proteins that contain zinc finger sequences
and the PR domain include the C. elegans egl-43 gene product
(19), the EVI1yMDS1 fusion protein (20), and the RIZ protein
(18), as well as the mouse Blimp-1 protein, which is homologous
to human PRD1-BF-1 (15, 16). The comparison of the zinc finger
sequences revealed that the closest relative of SC-1 is the egl-43
protein, showing 33.3% similarity. It is followed by the Blimp-1
with 25.4% and RIZ with 14% similarity. Egl-43 is required for
the development of sensory neurons and the migration of the
hermaphrodite-specific neurons involved in the control of egg
laying (19). Blimp-1 regulates the late stage of B cell differenti-
ation by down-regulating the expression of c-myc (17). The
PRDIyBlimp-1 protein also acts as a transcriptional repressor of
the b-interferon promoter (10) and exerts an apoptotic outcome
after overexpression (27). The RIZ protein binds to the Rb
protein (18). A role for RIZ during cell cycle arrest and apoptosis
through a transcriptional repression mechanism has been recently
proposed (32, 33).

The PR domain is related to the Su(var)enhancer of zeste
trithorax domain, a conserved 130-amino acid sequence that is
implicated in regulating chromatin function (33, 34). Comparison
of the PR domains of these proteins revealed that the closest to
SC-1 is Blimp with 32.2% similarity, followed by RIZ with 26.7%
similarity and then by evi1 with 23.5% similarity. The PR domain
of RIZ appears to be responsible for establishing protein–protein
interactions. The molecular mechanism by which SC-1 is trans-
located into the nucleus and its roles in modulating cell cycle
arrest and other neurotrophin differentiation functions are un-
known. Neither is it known whether other PR domain zinc finger
proteins undergo similar translocation events. It is likely that
future studies of the phosphorylation status of SC-1 and its
downstream target genes will reveal more fully the functions of
this class of zinc finger proteins.
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