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Abstract

The neuron-specific isoform of the TAF1 gene (N-TAF1) is thought to be involved in the
pathogenesis of DY T3 dystonia, which leads to progressive neurodegeneration in the striatum. To
determine the expression pattern of N-TAF1 transcripts, we developed a specific monoclonal
antibody against the N-TAF1 protein. Here we show that in the rat brain, N-TAF1 protein appears
as a nuclear protein within subsets of neurons in multiple brain regions. Of particular interest is
that in the striatum, the nuclei possessing N-TAFL1 protein are largely within medium spiny
neurons, and they are distributed preferentially, though not exclusively, in the striosome
compartment. The compartmental preference and cell type-selective distribution of N-TAF1
protein in the striatum are strikingly similar to the patterns of neuronal loss in the striatum of
DYT3 patients. Our findings suggest that the distribution of N-TAF1 protein could represent a key
molecular characteristic contributing to the pattern of striatal degeneration in DY T3 dystonia.
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INTRODUCTION

Among the monogenic primary dystonias (Miiller, 2009), DY T3 dystonia, also named X-
linked dystonia-parkinsonism (XDP/DYT3, MIM314250), is the result of disrupted
alternative splicing regulation. A series of linkage analyses (Haberhausen et al., 1995; Nolte
et al., 2003) identified the disease locus of the DYT3 gene as Xq13.1, including TAF1
[TATA box-binding protein (TBP) associated factor 1], formerly called TAF;;250. TAF1 is
the largest subunit of the transcription factor 1D complex (TFIID), which is composed of
TBP and thirteen different TAFs. TAF1 appears to function as a major scaffold by which
TBP and other TAFs interact in the assembly of TFIID. TAF1 is an essential component of
the transcription machinery and is known to be a key regulator for RNA polymerase Il
(RNAPII)-dependent gene transcription that involves conversion of cellular signals provided
by gene-specific activator proteins into the synthesis of mMRNA (Wassarman and Sauer,
2001). Makino et al. (2007) recently reported that the TAF1 gene is the causative gene of
DYT3 dystonia and showed that there is a specific reduction of the neuron-specific isoform
of the TAF1 gene (N-TAF1) in DYTS3 patients. DY T3 dystonia thus can be classified as one
of the neurodegenerative disorders associated with transcriptional dysregulation.

DYT3 dystonia is clinically characterized by an adult-onset movement disorder that
manifests progressive and severe dystonia followed by overt parkinsonism in the later years
of life (Lee et al., 2002). The neuropathology of DY T3 (Goto et al., 2005) involves a
primary and progressive degeneration of medium spiny neurons (MSNS) in the striatum,
with sparing of large cholinergic neurons. There is also differential neurodegeneration in the
striatal compartments, judging by immunostaining, with a predominant loss of neurons in
striosomes relative to the surrounding matrix compartment in the DY T3 striatum. How such
impaired transcription is related to the neurodegeneration and symptoms characteristic of
DYT3 dystonia is still not well understood.

As a first step to addressing this issue, we generated a monoclonal antibody (mAb) that
specifically recognizes N-TAF1 protein for the purpose of studying the spatial distribution
of N-TAFL1 protein in the brain. The antibody successfully stained neurons expressing N-
TAF1 in rat brains, and here we show that N-TAF1 is located exclusively in the nuclei of
neurons in multiple brain regions. Notably, within the striatum, N-TAF1-positive (N-
TAF1*) nuclei were largely within neurons of the medium spiny type, and there was a
marked tendency of these N-TAF1-positive neurons to lie in the striosomal compartment in
the striatum. As striosomes may be a primary site of neurodegeneration early in the
progression of neuropathology in DY T3 patients (Goto et al., 2005), these data suggest a
link between N-TAF1 expression and specific patterns of neuropathology in DYT3 dystonia.

EXPERIMENTAL PROCEDUES

All procedures involving the use of animals and analysis of brain anatomy were approved by
the Institutional Care and Use Committees of the University of Tokushima and Shiga
University of Medicines.

Production of antibodies

Sequence data were used for antibody production. Fig. 1A illustrates the nucleotide
sequence of a full-length cONA for N-TAF1 and that of neighboring exon 34’. Based on a
comparison of the amino acid sequence of N-TAF1 (GenBank, accession number
AB300418) to that of the common form of TAF1 (C-TAF1) (GenBank, accession number
NM_004606), the N-TAF1-peptide for immunization was chosen and synthesized as
C-1659TpGPYTPQAKPPDLY673 for which the residues between E-1651 and S-1680 of

Neuroscience. Author manuscript; available in PMC 2012 August 25.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sako et al.

Page 3

humans are highly conservative across species (Fig. 1B). This epitope peptide corresponds
to the peptide for C-TAF1 (C-169TPGPYTPQPPDL Y1671) with an insertion of 2 amino
acids (Ala-Lys) between Q-1666 and P-1667. N-TAF1- and C-TAF1-synthetic peptides
were chemically conjugated to the carrier protein keyhole limpet hemocyanin (KLH) and
bovine serum albumin (BSA), respectively. The KLH-conjugated N-TAF1-peptide was used
to produce mouse mAbs against N-TAF1 by hybridoma technology. Among 4 positive
hybridoma cell lines identified by screening and purified by limiting dilution and single-cell
cloning, we chose mAb-3A11F for this study.

Dot blot assay

Peptide samples were spotted onto nitrocellulose membranes (Bio-Rad Laboratories,
Hercules, CL). The air-dried membranes were then blocked with 5% skim milk in 0.01 M
Tris-buffered saline containing 0.1% Tween 20 and were incubated overnight at room
temperature with anti-N-TAF1 antibody mAb-3A11F (0.2 pug/ml). We detected the bound
antibodies using the Elite ABC kit (Vector Laboratory, Burlingame, CA) with
diaminobenzidine (0.6 mg/ml), HoO5 (0.001%), and (NH4)>Ni(SO4),-6H,0 (2.5 mg/ml).

Western blot assay

Adult Sprague-Dawley rats (250-300 g, 63—-70 days old) were used. The animals were
deeply anaesthetized with a lethal intraperitoneal dose of pentobarbital and were perfused
transcardially with 0.9% saline in 0.01 M phosphate buffer, pH 7.2 (PBS). Protein lysates
extracted from the brains and other organs were obtained according to the method described
previously (Sako et al., 2010). To prepare subcellular fractionations, brain tissues were
homogenized in 0.05 M Tris-HCI, pH 7.2 containing 0.025 M KCI, 0.005 M MgCl,, and
0.32 M sucrose. The crude brain homogenate was then centrifuged at 600 x g for 10 min to
obtain the nuclear and cytosol fractions. The precipitated pellet was the nuclear fraction and
sonicated in ultrapure distilled water containing Complete Mini (Roche Applied Science,
Basel, Switzerland). Protein lysates (20 ug of protein) were subjected to 10% SDS-PAE and
proteins were then transferred to a polyvinylidene difluoride membrane. The membranes
were incubated with anti-N-TAF1 antibody mAb-3A11F (0.02 pg/ml) and Can Get Signal
(Toyobo, Osaka, Japan) and were then with horseradish peroxidase-conjugated anti-mouse
or anti-rabbit 1gG. Bound antibodies were detected by chemiluminescence staining (ECL
plus kit, GE Healthcare, Buckingham, UK).

Tissue preparation for histology

Deeply pentobarbital-anaesthetized adult Sprague-Dawley rats (250-300g) were perfused
transcardially with PBS followed by cold 4% paraformaldehyde in 0.1 M PBS, pH 7.2. The
brains were removed, post-fixed overnight in the same fixative at 4°C, and cut on a
vibratome (Leica, Germany). Sections were stored in cold PBS containing 0.01% NaN3 until
use.

Immunostaining for N-TAF1

Immunohistochemical labeling was done as previously reported (Sato et al., 2008; Sako et
al., 2010). Free-floating 25 um-thick sections were incubated with mAb-3A11F (0.02 pg/
ml) overnight at room temperature. Bound antibodies were detected by the Elite ABC
protocol. The final peroxidase reaction was developed for 2 hr at 25°C in 0.01 M Tris-
buffered saline containing DAB (0.6 mg/ml), H,O5 (0.001%), and (NH4),Ni(SO4),-6H,0
(2.5 mg/ml). For immunofluorescence staining, sections were incubated with mAb-3A11F
(0.002 pg/ml) overnight at room temperature. Bound antibodies were detected by the
Histofine Simple Stain Kit (Nichirei, Tokyo, Japan) and Tyramide Signal Amplification
system with Cyanine3 (Perkin Elmer, Shelton, CT). Controls included omission of primary
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antibodies and preabsorption of antibodies with excess of KLH-conjugated N-TAF1-
peptide. The preabsorption examination was carried out with the ABC protocol as follows.
Before application of the antibody to the sections, 0.02 pg/ml of anti-N-TAF1 antibody
(mAb-3A11F) was incubated with 10 pg/ml of KLH-conjugated N-TAF1-peptide at 4°C
overnight.

Immunofluorescence staining for the dopamine and cAMP-regulated phosphoprotein of 32
kDa (DARPP-32), choline acetyltrasferase (ChAT), parvalbumin (PV), calcium- and
diacylglycerol-regulated guanine nucleotide exchange factor | (CaIDAG-GEFI), y-opiate
receptor (MOR) and NeuN

Rabbit polyclonal antibodies against DARPP-32 (Cell Signaling, Danver, MA; 1:200) (Sako
et al. 2010), ChAT (Chemicon International, Temecula, CA, USA; 1:200), and PV (Abcam,
Cambridge, UK, 1:5,000), CaIDAG-GEFI (1:20,000) (Crittenden et al. 2009) and MOR
(Millipore, Billerica, MA, USA; 1:10,000), and mouse monoclonal antibody to NeuN
(Millipore, 1:1,000) were used as primary antibodies. Bound antibodies were detected by
goat anti-rabbit or mouse IgG conjugated with Alexa 488 (Invitrogen, Carlsbad, CA).

Digital imaging and densitometry

RESULTS

Digital microscopic images from immunostained sections were acquired with Meta-Morph
software (Molecular Devices, Tokyo, Japan), imported into Adobe Photoshop CS4, and
processed digitally. Cell and nuclear density analyses were made at a standard mid-level of
the striatum in the anterior-to-posterior coordinate (0.0 to +0.2 mm relative to bregma)
(Paxinos and Watson, 1986) for each rat (n = 5). To estimate the density of NeuN*,
DARPP-32* and N-TAF1* cells in the caudoputamen, we counted these cells within a 1 mm
x 1 mm field in the striatum. Among N-TAF1* cells, the percent population of those cells
colocalized with DARPP-32, ChAT, or PV was also calculated. For each animal,
measurements were made in 5 striatal fields from 5 sections. Measurements of the density of
N-TAF1* nuclei in striatal striosome and matrix compartments were made on the sections
doubly-stained for N-TAF1 and MOR. We counted the number of N-TAF1* nuclei within
the striosomes (n = 25) and in the matrix areas (n = 25) from 5 striatal fields of each rat (n =
5), and calculated the density of N-TAF1* nuclei/mm? in each compartment. For statistical
analysis we used Student’s two tailed t-test and P-values less than 0.05 were considered as
statistically significant.

Identification of N-TAF1 protein in rat brains

Dot blot assays (Fig. 1C) demonstrated that anti-N-TAF1 antibody (mAb-3A11F) reacted
with the KLH-conjugated N-TAF1-peptide in a dose-dependent manner and showed no
cross-reactivity to the BSA-conjugated C-TAF1-peptide. On immunoblots of rat brain
extracts (Fig. 1D), a protein band with an approximate molecular mass of 250 kDa,
corresponding to the predicted size of the native N-TAF1 protein, was selectively detected
with mAb-3A11F, and N-TAF1 protein is enriched in nuclear fraction of brain. No
immunoreactive band corresponding to N-TAF1 protein is found in the other organs such as
spleen, testis, kidney, lung, and heart (Fig. 1E). These findings strengthen our previous data
that N-TAF1 mRNA transcripts are expressed exclusively in the neuronal tissues (Makino et
al., 2007).

Localization of N-TAF1 protein in multiple brain regions

The applicability of the mAb-3A11F for histological study was determined by
immunohistochemistry (Fig. 2) and immunofluorescence (Fig. 3) assays of immunostained
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rat brain sections. Consistent with the general concept that TAF1 is an essential protein in
the transcription machinery (Wassarman and Sauer, 2001), immunohistochemical staining
revealed that N-TAF1 labeling located exclusively in the nuclei of immunolabeled cells
(Fig. 2). These cells were distributed in many regions of the brain, including the striatum
(Fig. 2A-C), cerebral cortex (Fig. 2D), substantia nigra (Fig. 2E), globus pallidus (Fig. 2F),
thalamus (Fig. 2G), hippocampus proper (Fig. 2H) and dentate gyrus (Fig. 2I), and
cerebellum (Fig. 2J). Thus, N-TAF1 protein appears as a nuclear protein within subsets of
neurons in multiple brain regions. We focused our study on the striatum because of the
severe neurodegeneration that occurs in this region in DY T3 dystonia (Goto et al., 2005).

Cellular localization of N-TAF1 in the striatum

With immunohistochemical findings (Fig. 2A-C), immunofluorescence staining (Fig. 3)
with the mAb-3A11F demonstrated a striking pattern of cellular expression of N-TAF1
protein in the striatum. At low-power magnifications, N-TAF1 labeling appeared as dots that
showed a scattered but uneven distribution in the striatum (Fig. 3A and B). Higher power
microscopic observation showed that there was a distinct subset of striatal cells with strong
N-TAF1 labeling in their nuclei (Fig. 2A-C) and occasionally in their nucleoli (inset in Fig.
2A). Most N-TAF1* cells were of medium size (Fig. 2C). Double-immunofluorescence
staining (Fig. 3C) demonstrated that a large majority of the N-TAF1* nuclei examined were
within neurons positive for DARPP-32, a protein phosphatase inhibitor highly expressed in
striatal MSNs (Langley et al., 1997). Moreover, double-labeling demonstrated that most of
the N-TAF1* nuclei were not found within the neurons positive for ChAT, a marker of the
large cholinergic interneurons of the striatum (Pisani et al., 2007) (Fig. 3D), nor in neurons
that stained for PV, a marker of medium aspiny interneurons thought to correspond to the
fast-firing neurons of the striatum (Kawaguchi et al., 1995) (Fig. 3F). Only a few N-TAF1*
cells were simultaneously labeled for ChAT (Fig. 3E) or for PV (Fig. 3G). Cell density
analysis (Fig. 4A) revealed that N-TAF1* neurons comprised approximately 10% of all the
striatal neurons positive for DARPP-32 (p<0.001). Among N-TAF1* nuclei, more than 95%
of nuclei were of DARPP-32* cells, while less than 0.5% of nuclei were within cholinergic
cells or PV* cells (Fig. 4B). Together these data suggest that in the rat striatum, N-TAF1 is a
nuclear protein expressed preferentially in a distinct subpopulation of striatal MSNSs.

Localization of N-TAF1* nuclei in the striosome and matrix compartments of the striatum

To determine whether the striatal neurons possessing N-TAF1* nuclei were present in both
the striosome and the matrix compartments, we next used dual antigen-immunostaining
(Canales and Graybiel, 2000; Sato et al., 2008; Sako et al., 2010) for N-TAF1 and CalDAG-
GEFI (Fig. 5A and B), and for N-TAF1 and MOR (Fig. 5C and D), markers for the matrix
and striosome compartments, respectively. The N-TAF1* nuclei were preferentially
localized in the striosomes, with far fewer in the nearby matrix. Nuclear density analyses
(Fig. 5E) confirmed this visual impression that the N-TAF1* nuclei were significantly
(p<0.01) concentrated in the striosomes relative to the matrix compartment. However, not all
of the neurons in the striosomes were stained for N-TAF1; and, as shown in Fig. 5A-D,
some N-TAF1* neurons were also scattered through the extrastriosomal matrix area. Thus
the distribution was one of striosome-predominance.

Discussion

Transcriptional dysregulation mechanisms (Vermeulen et al., 1994) have been proposed as
primary etiologic factors in neurodegenerative disorders, including Huntington’s disease
(HD), dentatorubral pallidoluysian atrophy, and spinocerebellar ataxia 17, all of which have
expansions of polyglutamine (polyQ) repeats in the proteins encoded by the affected genes.
These expansions differentially interfere with RNAPII-dependent gene transcription,
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resulting in an increased neuronal susceptibility to certain genotoxic insults (Freman and
Tjian 2002). With genomic sequencing analysis followed by expression analysis of DYT3
brain tissues, we previously found a disease-specific SVA retrotransposon insertion in an
intron of the TAF1 gene, leading to the loss of the N-TAF1 transcript (Makino et al., 2007).
Given that N-TAF is critical for the regulation of RNAPII-dependent gene transcription, and
that there is reduced neuron-specific expression of the TAF1 gene in DY T3 patients (Makino
et al., 2007), DYT3 dystonia can be classified as an example of non-polyQ transcriptional
dysregulation syndrome, as is DY T6 dystonia (Bressman et al., 2009). The cellular
mechanisms by which the genes affected in these diseases contribute to disease-specific
pathology have so far been difficult to determine in these transcription dysregulation
syndromes, as the mutations occur in widely expressed genes and yet evoke tissue-specific
illness (Goodchild et al., 2005). Thus localization of the transcripts of these genes is a
crucial step in determining the pathogenetic basis of these diseases.

In DY T3 dystonia, the most striking neuropathology so far observed is a primary and
progressive degeneration of striatal neurons in a cell type-specific and compartment-
predominant pattern (Goto et al., 2005 and 2010). Our findings here demonstrate a striking
similarity between this pattern of striatal degeneration and the distribution of N-TAF1
protein, as assayed with a novel N-TAF1-selective antibody in the rodent brain. In DY T3,
medium spiny projection neurons are the most vulnerable, among striatal neurons, and the
large cholinergic interneurons are spared, even in the late stage of disease progression (Goto
et al., 2005). The striatal pathology at the early stage of the disease period is characterized
by a more prominent loss of neurons in striosomes than of neurons in the matrix
compartment (Goto et al., 2005). We show here that in the rodent brain, N-TAF1 protein
likewise is preferentially located in striatal MSNs and enriched in the MSNs of striosomes,
but is rare in striatal cholinergic neurons. Moreover, we found N-TAF1 immunostaining was
in the nuclei of these immunostained striatal neurons, consonant with a nuclear function.
Together these findings suggest the existence of cell type-specific actions of an alternative
splicing isoform of the TAF1 gene within the striatum. Consistent with the hypothesis that
the selectivity of neuronal death could be the consequence of a higher concentration of the
affected protein in the targeted cells in neurodegenerative disorders (Trorrier et al., 1995),
our findings raise the possibility that both at the cellular level and at the compartmental
level, the distribution of N-TAF1 protein in the striatum is correlated with the pattern of
striatal neuropathology in DYT3. Among the transcription syndromes, DY T3 dystonia thus
could be the first example with a demonstrated tight link of the affected gene product with
the disease-specific histopathology.

How could the loss of N-TAF1 protein produce the death of striatal neurons in DYT3
dystonia? The essential function of TAF1 can be attributed to its broad requirement during
RNAPII-dependent gene transcription. It has been shown that null mutations in Drosophila
TAF1 result in lethality late in embryogenesis or early in larval development, suggesting
that it functions in relation to cell proliferation and survival (Wassarman et al., 2000). Given
the hypothesis that, in mature brain cells, N-TAF1 is critical for the transcription of most
protein-coding genes as suggested for TAF1 (Chen and Hampsey, 2002; Matangkasombut et
al., 2004; Kim et al., 2005), an impaired transcriptional machinery induced by loss of N-
TAF1 protein could be a critical molecular event in the DYT3 pathogenesis. It is not clear,
however, that the loss of N-TAF1 protein is sufficient for the induction of
neurodegeneration that occurs preferentially in striatal MSNs in DY T3 dystonia. We also
show that neurons with N-TAF1 immunostained nuclei are found not only in the striatum,
but also in many other brain regions (Fig. 2) in which a definite pathology has not been
reported. The preferential loss of striatal projection neurons with relative sparing of the large
(cholinergic) interneurons of the striatum has also been documented in another adult-onset
transcription dysregulation syndrome, HD (Ferrante et al., 1987), for which evidence
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suggests that glutamate-mediated (Gubellini et al., 2004; Lin and Beal, 2006) or dopamine-
mediated (Jakel and Maragos, 2000) neurotoxicity may result in the highly patterned
neuronal loss in the striatum. Certain cellular factors to which striatal MSNs might be highly
susceptible also may contribute to producing the DY T3-specific histopathology.

This possibility places special value on the coordinate findings that both the DYT3
pathology, and, as demonstrated here, the distribution of N-TAF1 in normal brain, are
preferentially high in the striosomal compartment. Differential neurodegeneration in
striosomes has been documented in subtypes of HD, including patient populations in which
mood disorders are predominant early symptoms (Hedreen and Folstein, 1995; Tippett et al.,
2006). Our previous postmortem analyses on the DY T3 patients documented
clinicopathological correlations that the severity of neostriatal lesions appears to depend on
disease progression; the preceding severe loss of the striosomes is linked to dystonia
manifestation (Goto et al., 2005). The regulation of movement by the striatum may depend
not only on the balance of activity between the matrix-based direct and indirect pathways
(DeLong 1990, Albin et al., 1995), but also on a balance in activity between these pathways
and the striosomal pathway (Graybiel et al., 2000). For example, an imbalance between
compartmentally organized basal ganglia circuits has been suggested to contribute to the
generation of repetitive movement and behavioral disorders including motor stereotypies
(Graybiel, 2008), levodopa induced dyskinesias (Crittenden et al., 2009) and dystonias (Sato
etal., 2008; Goto et al., 2010). We suggest that in DY T3 dystonia, preceding and
predominant degeneration of MSNs in the striosomes caused by loss of N-TAF1 may alter
the functional activities of matrix-based striatal output systems, resulting in occurrence of
dystonia. Information about differences between gene regulation in striosome and matrix
compartments could be critical to identifying the specific role of N-TAF1 protein in nuclear
functions and the precise pathophysiologic mechanisms underlying neuronal death in DYT3
dystonia.

Highlights

We developed a specific monoclonal antibody against the N-TAF1 protein.
Immunohistochemical localization of N-TAF1 in rat brain was studied. N-TAF1 protein
appears as a neuronal nuclear protein in multiple brain regions. In the striatum, neurons
possessing N-TAF1 are largely of the medium spiny types. A marked tendency of these
neurons to locate in the striosomes is also found.

Comprehensive list of abbreviations

MSNs medium spiny neurons

mAb monoclonal antibody

N-TAF1 neuron-specific isoform of the TAF1 gene

TBP TATA box-binding protein

TFIID transcription factor 11D complex

C-TAF1 common form of the TAF1 gene

DARPP-32 the dopamine and cAMP-regulated phosphoprotein of 32 kDa
MOR p-opiate receptor

KLH keyhole limpet hemocyanin

BSA bovine serum albumin
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TFIID transcription factor 11D complex
RNAPII RNA polymerase 1l
SO stratum oriens

stratum pyramidale

SR stratum radiatum

GCL granule cell layer

hilus dentata

ML molecular layer
PCL Purkinje cell layer
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Fig 1. Production and characterization of monoclonal antibody against N-TAF1 protein

(A) Nucleotide sequence neighboring exon 34’ in a full-length cDNA for N-TAF1.

(B) The amino acid residues neighboring exon 34’ of human, mouse, and rat.

(C) Dot blot assay. Indicated amounts of KLH-conjugated N-TAF1-peptide (N-TAF1) or
BSA-conjugated C-TAF1-peptide (C-TAF1) were spotted onto a nitrocellulose membrane
and detected by dot immunobinding assay with anti-N-TAF1 antibody mAb-3A11F.

(D) Western blot assay on the brain extracts. Crude homogenates (20 pg of protein)
extracted from a rat brain (crude) were loaded onto 10% SDS-PAGE and then processed for
the transimmunoblot technique using mAb-3A11F. Nuclear (nuc) and cytosol (cyt) fractions
(20 pg of protein) of a rat brain were also processed for the transimmunoblot. PS, protein
staining.

(E) Western blot assay on the multiple organ extracts. Crude homogenates (20 pg of protein)
extracted from a rat brain, spleen, testis, kidney, lung, and heart were loaded onto 10% SDS-
PAGE and then processed for the transimmunoblot technique using mAb-3A11F.
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Fig. 2. Immunohistochemical staining of N-TAF1 under Nomarski optics in multiple brain
regions

(A-C) Striatal section stained for N-TAF1 shows that N-TAF1* nuclei are in medium-sized
cells. It is also shown that large (giant)-sized cells (C, dashed open circle) are devoid of N-
TAF1 labeling. A high-power image of the neuron possessing strong N-TAF1 labeling in its
nucleus and nucleoli (arrow) is shown in the inset in A. Note that no N-TAF1* nuclei are
found in a striatal section incubated with the anti-N-TAF1 antibody (mAb-3A11F)
preabsorbed with excess of KLH-conjugated N-TAF1-peptide (A’).

(D-J) Distribution of N-TAF1* nuclei in non-striatal brain regions that include the cerebral
cortex (D), substantia nigra (E), globus pallidus (F), thalamus (G), hippocampus proper (H)
and dentate gyrus (1), and cerebellum (J). A high-power image of cortical neuron possessing
strong N-TAF1 labeling in its nucleus is shown in the inset in D.

Scale bars: A, A’ and D-J, 100 um; B, C, 20 um; insets in A and D, 10 um.

SO, stratum oriens; SP, stratum pyramidale; SR, stratum radiatum, GCL, granule cell layer;
H, hilus dentata; ML, molecular layer; PCL, Purkinje cell layer.
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Fig. 3. Cellular localization of N-TAF1 in the striatum

(A, B) Low-power image of Immunofluorescence staining for N-TAF1 protein. Region
shown in open box in (A) is illustrated at higher magnification in (B). Region shown in
dashed open box (B) is illustrated at higher magnification in the inset in B.

(C) Double immunofluorescence staining for N-TAF1 (C) and DARPP-32 (C’), and merged
(C™). DARPP-32* cells having N-TAF1* nuclei are indicated by arrowheads in C* and C”.
(D, E) Double immunofluorescence staining for N-TAF1 (D, E) and ChAT (D’, E’), with
merged image (D", E”). Cholinergic cells with no N-TAF1* nuclei are shown in D* and D”
(long arrows). A cholinergic cell having N-TAF1* nucleus is also shown in E’ and E” (short
arrows).
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(F, G) Double immunofluorescence staining for N-TAF1 (F, G) and PV (F’, G’), with

merged image (F”, G”). PV* cells with no N-TAF1* nuclei are shown in F* and F” (long
arrows). A PV* cell having N-TAF1* nucleus is also shown in G’ and G” (short arrows).
Scale bars: A, 500 pm; B, 250 pm; inset in B, 20 um; C, E, F and G, 50 pm; D, 100 pm.
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Fig. 4. Quantitative study on cellular localization of N-TAF1+ nuclei in the striatum

(A) Density measurements of NeuN™* cells, DARPP-32* cells (DA-32) and N-TAF1* nuclei.
Data are shown as means + SEM (bars) values (n = 25). * indicates P < 0.001 DARPP-32
vs. N-TAF1.

(B) Percent population of N-TAF1* nuclei co-localized with DARPP-32, ChAT, and PV.
Data are shown as means + SEM (bars) values (n = 25).
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Fig. 5. Differential localization of N-TAF1 protein in the striatal compartments

(A, B) Low-power image of a section doubly-stained for N-TAF1 (red) and CaIDAG-GEFI
(green), a marker for matrix compartment (A). Region shown in dashed open box in (A) is
illustrated at higher magnification in (B).

(C, D) Lower (C) and higher (D) photomicrographs of sections double-stained for N-TAF1
and MOR, a marker for striosomes. Immunofluorescence-staining shows N-TAF1* nuclei as
yellow dots, and striosomes as green-patchy zones.

(E) Density measurements of N-TAF1* nuclei in the striosome and matrix compartments.
Data are mean £ SEM (bars) values (nh = 25). * indicates P < 0.01 striosome vs. matrix.
Scale bars: A and C, 200 um; B and D, 100 pum.
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