Int J PhysibPathophysid Pharmacol2009; 1:25-32

www.ijppp.ordglJPPRB12002

Original Article

Caspase-cleaved TAR DNA-binding protein-4 3 i n Pi

disease

Troy T. RohnPolina Kokoulina

Department of Biology, Boise &te University, Boise, Idaho, 83725

Received December 182008 ; accepted December 222008 ; available orline January 1 2009

Abstract The hyperphosphorylation and proteolytic modification of the TAR DNA binding pret8ifTDP43) is a
key finding in anumber of neurodegenerative diseases including frontotemporal dementia with ubiquiginsitive

inclusions (FTLBJ ) , amyotrophic

whether proteolytic modifications of TDB3isar el evant

l ater al sclerosis (ALS), and
finding in Pick-drectedi sease,

caspasecleavage antibody based upon a known caspaskecleavage consensus site within TDE3 at position

219. Application of this antibody, termed TDP caspaséeavage product (TDPccf) o

brain sections revealed the presence of caspasdeaved TDRI3 in Pick and Hirano bodies predominantly within
region CAL1 of the hippocampus. Gocalization of TDPccp with PHE a general marker for Pick bodies, as well as
with an antibody to caspaseleaved tau (TauC3) was evident within the hippocampus. A sequantitative

analysis indicated that approximately 21% and 79% of the Pick bodies identified in area CAl contained caspase

cleaved TDRI3 or caspasecleaved tau, respetively. Of interest was the lack of clocalization of TDPccp with
PHF1 in Pick bodies within the dentate gyrus. Collectively, these data have identified modified #BRas a

component of Pick and Hirano

caspasecleaved TDR43 found within Pick bodies in comparison to caspasdeaved tau suggests that TDR3
and its modification by caspases is most likely not a contributing factor leading to Pick body formation.
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Introduction

TAR DNA binding proteii3 (TDR43)
inclusions have recently been identified as a
major feature of several neurodegenerative
disorders including frontotemporal lobar
degenemtion with ubiquitinpositive inclusions
(FTLBU) and amyotrophic lateral sclerosis
(ALS), [1]. A conspicuous finding in these
studies was the presence of 25 and 35 kDa
truncated fragments of TDP43 in brain
extracts from affected individuals that were
not present in control subjects [1,2]. A similar
25 kDa, truncated fragment of TDR3 has
al so been identified
(AD) brain [3]. Thus, podfranslational
proteolytic processing of TDB3 may be a key
step in protein misfolding and aggegation of
TDPR43 leading to a toxic gain of function [4].
Recently, it has been determined that
caspase3 may be the protease involved in

processing TDRI3 mediated through an
interaction with progranulin [2]. These authors
demonstrated that altered clexzage of TDRI3
in cell culture models led to the production of
25 kDa fragments of TDPI3 that were similar
in appearance to those found in FTL-D and

ALS [2]. Therefore, abnormal turnover of TBP

43 may underlie the neurodegeneration
observed in these disaders.

We recently developed a sitdirected caspase
cleavage antibody to TDR3, which we termed
TDPccp, and application of this antibody to
postmortem AD brain sections labeled tangles,

plaghes, reAdtive hsedcytes and Hirand bodiesa s e

[5]. The purpose ofthe present study was to
determine a possible role for caspaseleaved
TDPR43 in an additional tauopathy, namely

Pickds di sease. Fil ament ous

hyperphosphorylated tau are the defining
neuropathological characteristics associated

post mortem Pickds

b o di e seask.Miwetrelaiive paucitysot r i ct ed

W €

di

n
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TDP43 and Pickds di sease

Table 1.Case Demographics

Case Group Sex Age PMI (hrs) BraakNFT MMSE
1 Pick M 66 5.0 3 0

2 Pick M 72 2.5 0 N/A

3 Pick F 76 3.3 0 5

4 Pick F 68 3.2 0 N/A

5 Pick F 70 35 N/A N/A
Note. PMI, postmortem interval; MMSE, mini mental state examination; N/A, not available

wi t h sPidciksbe as e [ 6] . P i dHkindae subjdciss e a s e i s

associated with severe neuronal and glial loss

leading to frontotemporal lobe atrophy [6]. Autopsy brain tissue from fiveneuropatholo

Pat hologically, a key fghtatrbkbyofctcoRfckineddiPs e&kkde cas
is the presence of Pick bodies representing Case demogaphics are presented inTable 1

intracellular inclusions containing agggates Human brain tissues used inthis study was

of hyperphosphorylated tau [7]. Previous provided by the Institute for Brain Aging and

studies have identified the presence of TD#3 Dementia Tissue Repositories at the University

inclusions in Pick6s di ofCalfomia ndne. 9] .

In the present study, application of our site Immunohistochemistry and
directed caspasecleavage antibody to TDR3 immunofluorescence nicroscopy
revealed labeling that was mar or less
restricted to CA1 region of the hippocampus in Freef | o at i nthick defial seations were
Pickds disease. I nt enseuséda bl i mgunehistotlernical Hand an o
bodies and reactive astrocytes was similar to immunofluorescence studies as previously
what we observed previously in AD [5]. described [10]. Antibody dilutions were the
Roughly, 21% of the total number of Pick following: TDPccp (1:100), PHE (1:500), and
bodies identified within aea CALl contained mAb TauC3 (1:100). Antigen visualization was
caspasecleaved TDRI3. These results determined using ABC complex (ABC Elite
suggest the presence of modified TD#3 is a immunoperoxidase kit, Vectodabs), followed
consistent finding in tauopathies including AD by brown/red DAB substrate (Vector Labs) for
and Pickds di sease, h o w singier labeliggi Visalizatiom of brighfieldt i v e
paucity of caspasecleaved TDRI3 labeling double label immunohistochemistry was
within Pick bodies, inclusions of TDR3 may accomplished using brown DAB for one label
not be a causative factor in Pick body and blue SGsubstrate (Vector Labs) for the
formation. second label. For immuoofluorescence ce
localization studies,antigen visualization was
Materials and Methods accomplished using an Alexa fluor 48&beled
tyramide (green,ExX/Em = 495/519) for one
Materials label and streptavidin Alexa Fluor 555 (red,
Ex/Em = 555/565) for the second label, both
The mouse TauC3 antibody (caspasseaved from Invitrogen (Carlsbad, CA).
tau antibody) was purchased fromnvitrogen/
Chemicon (Carlsbad, CA). The caspase Quantification and datistical analysis
cleavage product atibody to TDR43 (TDPccp)
was an in house antibody synthesized based A semiquantitative analysis was performed by
upon a putative caspase cleavageonsensus first taking 20X immunofluorescence,
site (DVMDB?9) within TDP43. This antibody overlapping images from three different fields
has previously been shown to be a&pecific in area CAl of the hippocampus in three
marker for caspasecleaved TDR3 [5]. PHF1 separatePi ¢ k 6 s aographswere thén
was a generos gift from Dr. PeterDavies analyzed by counting the number of inclusion
(Albert Einstein College of Medicine, Bronx, bodies perfield for each case. Data were than
NY). averaged +S.E.M. Additionally, PHFIlabeling
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Figure 1. Caspasecleaved TDR 3 i n

Pickds :diReprsesenA aandveB si ni

case utilizing the TDPccp antibody illustrating staining in the CAl region of the hippocampus within F
bodies (arrowheads, A and B), Hirano bodies (arrow, A) and astrocytes (arrows, B). C and D: Reprégen

doubled abeling from a Pickds c as e-1withipthesybstanga nigrd € ang
amygdala (D). A sparse number of Pick bodies was detected in both brain regions, and in some cases

localized with PHHA (arrows, Cand D). Al c a |l e

was utilized as a general marker for Pick
bodies and compared with the number of PHF
1dabeled Hck bodies that colocalized with
either TauC3 or TDPccp. Data are
representative of the average number of
TDPccp or TauC3 Pick bodies tacalized with
PHF1 in each 20X field (3 fields total for 3
different cases). In a parallel experiment, we
also detemined the percent of Pick bodies
that were identified as having both TDPccp
and TauC3 present. For determining statistical
differences, the degree of colocalization of
PHFTDPccp and PHFauC3 doubldabeled
Pick Bodies were analyzed by Kruska&Vallis
nonparametric alternative test for a Iway
ANOVAwith statistical significance established

27

bar s

represent 10 km.

at a pvalue < 0.05. All calculations were
performed using a SAS program version 9.3.
Service Pack 3 for Windows XPro.

Results and Discussion

Recent advances have wggested that in TDP
43 proteinopathies including FTLERY and ALS,
a key event that may promote disease
progression is the redistribution of TD®3
from the nucleus to the cytoplasm [11]. In
addition, brain samples from both FTLD and
ALS are enriched in snaller (~25 kDa)
phosphorylated fragments of  TD®S3,
suggesting that posttranslationalmodification
of TDP43 may signal a shift to a toxic gain of
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TDP43 and Pickds di sease

Figure 2.Caspasecleaved TDR4 3 | abel i ng wi t hi n didease it unifppnacdaegipnally
defined. AD: Representative immunofluorescence doublabeling utilizing the TDPccp antibody (green) an
PHF1 (red) revealed the presence of caspaseleaved TDRI3 within Pick (arrows, A) and Hirano bodies
(arrowhead, B predominantly within area CA1 (A and B), but neithin granule cells of the derdte gyrus (C).
PHF1 labeling was evident throughout all areas of the hippocampuand widespread within the derate gyrus

(D). A small percentage of Pick bodies were-araized with both antibodies (arrows, A and B). E and |
Representative immunofluorescence double abel i ng within the CA1l reg
disease utilizing TauC3 (green) and PHF(red). Unlike TDPccp, which appeared to reveal a more onifh

staining pattern, TauC3 staining was localized centrally within Pick bodies and displayed a more aggrege
appearance. Scale bars are 10 km in A, B, and F
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Figure 3.Quantification of Pick bodies doubkabeled by TDPccp,
TauC3, and PHH&. In both A and B, PHE labeling was utilized
as a marker for Pick bodies. A: Data show the average number
Hirano bodies labeled with TDPccp, Pick bodies labeledwiRHF
1, and Pick bodies with both PHE and TDPccp, identified in a
20X field of area CAl (n=3 fields for 3 different Pick diseass
cases) +S.E.M. B: a sengjuantitative analysis was performed to
estimate the total number of PHRJabeled Pick bodies thatco-
localized with either TDPccp or TauC3 within the CAl region
the hippocampus (percent given above bars). Results indicate
the total number of doublelabeled Pick bodies with caspase
cleaved tau plus phosphorylation &s significantly greater
compared with caspasecleaved TDOP-43 plus phosphorylation.
Data represent the average (+S.E.M.) of three different field:
from three representative Pick cases R = 3.857, p-value* <
0.05).

function [12]. One candidate protease that

Pickds disease

species [2]. Further, utilizing an in vitro
model, the authors demonstrated a
caspasedependent cleavage and
redistribution of TDM3 from its
nuclear localization to the cytoplasm
[2]. Our lab has also supported the
hypothesis that caspases may play a
major role in the processing of TDR3
in the AD brain: utilizing a sitelirected
caspasecleavage antibody to aknown
consensus cleavagesite within TDP43
(DVMDB1?), we  showed  strong
immunoreactivitywithin plaque regions,
tangles, reactive astrocytes and Hirano
bodies of the hippocampus [5]. To
confirm and extend these findings, we
examined whether caspaseleaved

TDR43 is a finding in th e Pickds
di sease. Li ke AD, Pickods

classified as a tauopathy characterized
pathologically by the presence of round
Pick body structures containing
predominantly  hyperphosphorylated,
aggregated tau [13].

Five confirmed cases
(Table 1) were examined by
immunohistochemistry  utilizing our
caspasecleaved antibody to TDHBS3,
termed TDPccp. Aan initial approach,
immunoreactivity to TDPccp was
assessed in three different brain
regions including the hippocampus,

amygdala, and subsintia nigra. As
depicted in Figure 1 we detected
labeling of TDPccp within numerous
Pick bodies i the hippocampus Figure
1A and B as well as within the
substantia nigra and amygdala
although in the latter case in much
fewer numbers Figure 1C and ). Tte
localization of TDPccp within Pick
bodies in the substantia nigra and
amygdala was confirmed following
doubledabeling with PHFL, a general
marker for Pick bodies (arrowsFigure
1C and D. In addition to Pick body
labeling, staining of TDPccp in the
hippocampus was also obsened in
Hirano bodies (arrow,Figure 1A and
reactive astrocyes (arrows,Figure 1B.

may be involved in the proteolytic processing The staining of TDPccp within Hirano bodies
of TDP43 is caspase3. Zhang et al. have was similar to what we previouslpbserved in
shown that TDR43 is a substrate for caspase AD, being largely confined to area CAl of the
3 leading to the generation of 25and 35 kDa hippocampws [5]. Hirano bodies are rod-
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