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Figure 2.

Representative ictal EEG findings. (A) Partial seizure evolved to generalized tonic—clonic convulsion in patient 6.
C3-Cz-dominant low voltage fast activity (arrowhead) preceded clinical onset (black arrow) for 10 s. Seizure began
with the eye deviated to the left and twitching of the left corner of the mouth, which evolved to generalized tonic—
clonic seizure later. (B) Complex partial seizure in patient 4. During watching TV, the patient’s motion was arrested,
and the eyes and head began to verse to the left (arrow). The right posterior temporal-occipital (pT-O) dominant
irregular spike burst appeared preceding the clinical onset (arrowhead). Impairment of consciousness continued
over 10 min from onset. The patient looked dazzled and often scratched the eyes. In EEG, the spike burst persisted in
the right pT-O dominant. (C) Generalized clonic—tonic—clonic seizure in patient 3. Repetitive irregular myoclonus
was followed by clonic—tonic—clonic seizure (arrowhead). The initial clonic phase was associated with diffuse slow
wave burst with spikes in EEG, which evolved to tonic phase with low voltage fast activity in corresponding EEG.
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provoked by visual stimulation or cough, but the other six
seizures, including five nocturnal seizures, occurred with-
out any precipitating factors. On ictal EEG, focal rhythmic
activity (Fig. 2A) or repetitive spike bursts (Fig. 2B) were
observed as the initial ictal activity in all seizures. Four of
11 seizures were of frontal origin, while the other seven sei-
zures were of occipital origin. Two patients (patients 6 and
7) had multiple ictal foci (bilateral frontal lobes in patient 6
and bilateral occipital lobes in patient 7).

GTCS (including clonic—tonic—clonic seizures)

Five EEG recordings of GTCS were obtained from
four patients. All GTCSs occurred following repetitive
trains of stimulus-sensitive myoclonus and culminated in
tonic—clonic seizures, On the ictal EEG of three patients,
only myogenic anifacts were observed in association
with the preceding myoclonus, and then diffuse low

voltage fast activity appeared corresponding to the tonic
phase, followed by a spike with a slow wave burst cor-
responding to the clonic phase, In patient 3, an initial
clonic phase preceding the tonic—clonic phase was
observed, accompanying a diffuse spike with slow wave
burst (Fig. 2C).

Prolonged postictal confusion was recorded in two
seizures (after pGTC in patient 6 and GTCS in patient 4),
both of which continued for over 30 min. We analyzed the
interval between epilepsy onset and ictal recording of the
three seizure subtypes. Brief generalized scizures were
recorded mainly in the carly stage (usually less than 8 years
from epilepsy onset). In contrast, GTCS were recorded in
the progressed stage. All five GTCS were recorded in
patients more than 8 years from cpilepsy onset, who were
almost bedridden. Partial seizures were recorded in every
stage throughout the clinical course.

Epilepsia, 49(12).2041-2049, 2008
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Characteristics of epileptic seizures evaluated from
interviews

Seizure semiology other than that of myoclonic seizure
is shown in Table 3. Myoclonic seizure was not included in
this evaluation, because it could not be distinguished from
nonepileptic myoclonus based on the information obtained
at interviews. Evaluation of the interview contents revealed
that 13 of 17 patients (76%) probably had seizures with
focal features as habitual seizures from the early stage of
the discase. The seizure manifestations were reported to be
head and eyes version and sometimes tumning of the body at
the onset of seizure, identical to the seizures recorded on
ictal video EEG. They evolved frequenty to pGTC with or
without lateralized symptoms. Impairment of conscious-
ness or automatism without convulsion was observed in a
small number of patients.

Six patients (35%) sometimes manifested aura at the
onset of the seizure with other focal features. Four of six
patients had visual aura as indicated by, for example,
exclaiming “Insect! Insect!” or saying that “‘something is
moving.”" The other two patients just clung to or called for
their mothers around the onset of seizure. These auras

disappeared within 5 years from epilepsy onset in all
patients. As an aura is generally regarded as the most reli-
able feature for partial seizure (van Donselaar et al., 1990),
we defined those patients manifesting an aura and/or hav-
ing partial seizures confirmed by video EEG recordings as
patents with *““definitive partial seizure.”” The number of
patients with definitive partial seizure was 11 out of 17
patients (64%).

We compared the age at epilepsy onset, age al clinical
onset, and number of CAG repeais between patients having
definitive partial seizures (n = 11) and patients without
definitive partial seizures (n = 6). The age of epilepsy onset
was significantly lower in the group with definitive partial
scizures [7.5 + 3.8 (4—18) years) than in the group without
[12.0 £ 3.3 (8-17) years, p = 0.02]. However, patients with
and without definitive partial seizures were not signifi-
cantly different both in age of clinical onset [5.9 = 4.5
(2-18) years versus 10.8 = 6.1 (4-18) years, p = 0.06] and
the number of CAG repeats [70.0 £ 4.2 (64-76) years ver-
sus 69.4 + 3.1 (65-73) years, p = 0.96]. The prevalence of
definitive partial seizares was significantly higher in
patients with younger epilepsy onset (below 10 years of
agc)cmp:cdmmnummokhm(fmp<005)
The same results were obtained between patients with and
without focal feature in their habitual seizures from the
interviews (data not shown).

Ictal symptoms suggesting GTCS were described in 13
patients (76%). In six of 13 patients, GTCS were observed
subsequent to repetitive myoclonic jerkings. GTCS were
usually observed several years after the onset of cpilepsy.
GTCS were often provoked by some kinds of stimulation,
in particular, visual stimulation (71%). Prolonged (about
30 min or longer) postictal confusion afier convulsive
seizures was experienced by eight patients (47%). Postictal
manifestations of excitation, violent behavior, and groan-
ing with confusion were described afier convulsive
seizures, Postictal confusion continued for 2 h at the
longest.

Table 3. Seizure semiology analyzed from interviews and other evaluations

Patient Seizure with focal features
Ne. Lateral sign Aura Other seizures® PPIC Precipitator PPR Medications at latest follow-up
1 Version, focal motor Visual GTCS —_ Cough -_ VPA, PHT, ZNS, PB, CZP
2 Version —_ Atonic, GTCS b Visual + VPA,. CZP

3 Version, focal motor Fear Absence, GTCS + Visual, pain + VPA, CZP

4 Version Visual Absence, atonic + Visual + VPA, ZNS, PR, CZP

5 Version, focal motor — Absence, atonlc, GTCS + Visual + VPA, ZNS, ESM

6 Version, focal motor _ -_— + Visual + VPA, ZNS, CZP

7 Version Fear Absence, atonic + Visual + VPA, ZNS, CZP

8 Version Visual — — Visual —_ VPA, ZNS, CZP

9 Version - GTCS + Visual + VPA, PHT, CLB
10 Version - GTCS _ Visual + VPA,ZNS, CZP,
1 o - Absence, GTCS —_ —-_ + VFPA,CZP,CLB
12 Version Visual Aronic, GTCS — — + VPA,CLB
13 —_ — GTCS —_ Visual + VPA, PB, ZNS
14 —_— —_ GTCS —_ _ —_ VPA, ZNS, CZP
I5 Version _ GTCS + —_ + VPA
16 Version — Absence, GTCS — Visual, cough — VPA, PHT, ZNS, PB, CZP
17 —_ —_ GTCS + — - VPA PR, CZP

No., number; GTCS, generalized tonic—clonic seizure; PPIC, prolonged post ical confusion; PPR, photoparoxysmal resp
VPA, valproic acid; PHT, phenytoin; ZNS, zonisamide; CZP, cl p ClB.rJohanm'FB.phmabarNul

“Myoclonic selzure was excluded.
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Interictal EEG

Interictal EEG demonstrated unusual background activ-
ity of varying degrees in individual patients. In more
severely mentally retarded patients with a longer CAG
repeat length (patients 2, 3, and 5), the background activity
was ambiguous due to prominent paroxysmal discharges
overriding diffuse slow waves. In contrast, an occipital-
dominant slow a (9-10 Hz) background activity could be
clearly distinguished in less mentally retarded patients with
a shorter CAG repeat length (patients 1 and 12). Interictal
discharges were most frequently observed as diffuse irmegu-
lar spike-and-wave complexes. Independent occipital or
frontal-dominant spikes or spike-and-wave complexes
were also observed frequently (88% of patients), but the
latcrality was not consistent in all patients. PPR was posi-
tive in 76% of patients.

In sleep EEG, the usual spindle waves and K-complexes
disappeared in all patients. Paroxysmal discharges
increased during sleep. Frontal-dominant diffuse spike-
and-wave complex bursts or slow wave bursts with or with-
out spikes were observed in 76% of paticnts. Some patients
(18%) present high voltage (over 300 uV) slow wave bursts
with bilateral frontal dominance,

Medical treatments

The medications prescribed in our hospital for each
patient at the latest follow-up are shown in Table 3.
Valproic acid (VPA) was used in all patients. At the time of
referral to our hospital, all patients except one had already
taken various combinations of antiepileptic drugs. Carba-
mazepine (CBZ) was administered to eight patients before
referral and was withdrawn resulting in no consistent
changes of seizures and myoclonus. Similarly, phenytoin
(PHT) was discontinued in five out of seven patients
administered this drug before referral. In one case (patient
9), PHT was restarted due to seizure aggravation. We never
initiated CBZ or PHT or both by ourselves in any of the
patients. Although various drug regimens were tried,
remarkable and continuous seizure remission was not
obtained in all paticnts.

DISCUSSION

In this smdy, the electroclinical features of epilepsy in
juvenile type DRPLA were studied by ictal video EEG
recordings and clinical interviews. We obtained the follow-
ing findings: (1) frequent association of habitual partial
seizures in a large proportion of patients; (2) higher preva-
lence of partial seizures in patients with younger onset of
epilepsy; and (3) evolutional changes of epileptic scizures
from brief generalized seizures to GTCS. The value of
CAG repeat length in this study (mean + sp, 69.9 £ 3.7;
range, 64-76; n = 17) was no different to those of previous
reports evaluating juvenile type DRPLA in larger numbers
of patients [median 68.0, range 63-79, n = 24 (Tkeuchi

et al., 1995); mean 67.1, n = 20 (Komure et al., 1995)]. As
it is well known that the CAG repeat length strongly corre-
lates with clinical severity (Tsuji, 1999), the population in
this study can be considered as representative of juvenile
type DRPLA.

We were able to confirm frequent association of partial
seizures by both ictal video EEG recordings and clinical
interviews. Partial seizures were reported in some kinds of
PME, such as visual seizures in Lafora's disease (Tinuper
etal., 1985), but the presence of partial seizure was reported
in only a small number of cases of juvenile type DRPLA.
One case report briefly mentioned the presence of complex
partial seizure (Saitoh et al., 1998). Another case report
described partial scizures along with ictal EEG in a patient
with clinical onset below 2 years of age, and proposed that
rare cases of juvenile type DRPLA with very carly onsct
might manifest partial seizures (Hattori et al., 1997). In our
study, interviews to obtain information related to seizure
semiology indicated that over three-fourths of the patients
had focal features in their habitual seizures. The features
were mainly versive movements, preceded by an aura in
almost one-half of the patients. Although ictal symptoms
with focal features such as version or asymmetric tonic pos-
turing are sometimes observed in patients with generalized
epilepsy (Niaz et al., 1999; Usui et al., 2005), the presence
of aura is generally accepted as the most reliable sign of
partial seizure (van Donselaar et al.. 1990). Accordingly, at
least 11 of our 17 patients (64%) had habitual partial sei-
zures, judging from ictal video EEG recordings, or presence
of an aura, or both. The prevalence of partial seizures in
DRPLA seems to be higher than compared to other PMEs,
including Lafora disease (33%—50%) (Acharya etal., 1993;
Genton et al., 2005). In our study, approximately two-thirds
of partial seizures showed discharges of occipital origin on
ictal video EEG recordings, and visual symptom was the
main feature of the aura. Occipital seizure may be the most
common partial seizure in juvenile type DRPLA, as is also
in Lafora disease.

We were able to confirm a higher prevalence of partial
scizures in patients with earlier onset of epilepsy. The asso-
ciation of habitual partial seizures was significantly related
to the age of cpilepsy onset, but not to the number of CAG
repeats. Also, our data of ictal video EEG recordings sug-
gested that partial seizures occurred both in early and
advanced stages. These data suggest that partial seizures
occur in patients with younger epilepsy onset in an age-
dependent manner and continue up to advanced stages.
Moshé et al. (1995) pointed out that the susceptibility of
human brain to focal seizures alters during development,
and they documented a continuous increase in susceptibil-
ity until the periadolescence stage in mice. They proposed
that age-dependent changes in the developing brain such as
the synaptic formation, ionic environmental alternation,
and myclination may contribute to the semiological alter-
ation. Our result was in line with their arguments, and the
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higher prevalence of partial seizures in DRPLA compared
to other PMEs may be explained not only by the genetic
difference but also by the earlier onset of epilepsy in juve-
nile type DRPLA. In a report of 23 patients with genetically
confirmed Lafora disease (Franceschetti et al.. 2006), the
onset age [13.7 £ 2.6 years (8.5-18.5)] was older than that
of the patients in our study.

From the evaluation of ictal video EEG, GTCS tended to
occur in the advanced stages of the disease, when the
patients were almost bedridden, and the generalized tonic—
clonic convulsions were often of partial origin. As the dis-
case progressed, focal features tended to become less well
defined. These findings suggest that GTCS of generalized
nature may occur much less commonly than is generally
perceived in patients with juvenile type DRPLA (Tsuji,
1999). On the other hand, brief generalized seizures were
frequently observed in the early stage and decreased as the
disease progressed. These evolutional changes of epileptic
seizures are important diagnostic clues of DRPLA. These
changes may be causally related to the pathological
involvement associated with cumulation of the mutant
DRPLA protein, atrophin-1 (Yamada et al., 2001; Sakai
et al.,, 2006). GTCS in the advanced stage might reflect
pathological evolution of the whole brain. Prolonged
postictal confusion was also one of the characteristic
features of epileptic seizures in juvenile type DRPLA.
Long-lasting postictal confusion was also reported as one
of the characteristic features of the epilepsy in older
patients (Cloyd et al., 2006). Therefore, the prolonged
postictal confusion may be attributed to the attenuation
of cortical functions in DRPLA and may be one of the
diagnostic clues in patients with DRPLA.

In this study, we present the characteristics of epileptic
seizures in patients with juvenile DRPLA. Recognition of
the characteristics would contribute to early diagnosis and
proper treatments. As a limitation of this retrospective
study, we were not able to illustrate the change of seizure
semiology longitudinally in each patient or 1o propose a
potential strategy for medical treatment. As aggravating
effects of CBZ and PHT have been shown in other PMEs
(Elridge et al., 1983; Corlill & Hredie, 1999), the cffects of
these antiepileptic agents on juvenile DRPLA are of great
interest. From the clinical courses of our patients who had
been administered CBZ and PHT at referral, the effects of
these drugs seem not to be apparent in juvenile type
DRPLA. However, the precise effects remain to be studied.
Further prospective studies are required to obtain a deeper
understanding about seizure semiology and medication
strategies for juvenile type DRPLA.
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Abstract

Recently, TAR DNA-binding protein of 43-kDa (TDP-43) was identified as a major component of ubiquitinated neuronal cytoplasmic
inclusions observed in lower motor neurons in amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration with ubiquitinated
inclusions. We herein investigated the relationship between TDP-43 immunoreactivities and fragmentation of the Golgi apparatus (GA). Each
mirror section of spinal cord tissues in 10 ALS and 3 control cases were immunostained with polyclonal anti-TDP-43 and polyclonal anti-
trans-Giolgi-network (TGN)-46 antibodies. The neurons were divided into subtypes according to differences in TDP-43 immunoreactivities,
and we examined the morphological changes of GA in each type. We divided the neurons into four subtypes according to the observed
differences in TDP-43 immunoreactivities, Type A: neurons showing normal nuclear staining, Type B: neurons showing a loss of normal
nuclear staining and a few granular cytoplasmic immunoreactivities, Type C: neurons showing a lot of granular immunoreactivities and no
inclusions, Type D: neurons with inclusions. All of the neurons in Type A showed normal GA profiles, however, almost all of the neurons
with abnormal TDP-43 immunoreactivities (Type B-D) showed GA fragmentation. These results suggest that neurons with abnormal TDP-
43 immunoreactivities are associated with dysfunction of the secretory pathway in motor neurons. )
© 2007 Elsevier B.V. All rights reserved.

Keywords: Amyotrophic lateral sclerosis; TAR DNA-binding protein of 43-kDa (TDP-43); Golgi apparatus; Spinal cond; Cytoplasmic inclusion; Neuropathology

1. Introduction clusions; however, little is known about the specific bioc-
hemical composition of these neuronal cytoplasmic inclusions.
Amyotrophic lateral sclerosis (ALS) is a chronic degen- Recently, the TAR DNA-binding protemn of 43kDa (TDP-43),
erative disease characterized by the progressive degeneration a nuclear protein which is involved in transcriptional re-
and loss of motor neurons in the spinal cord, brainstem, and pression and alternative splicing, was identified as a major
motor cortex. The ctiology of the sporadic form of ALS, component of neuronal cytoplasmic inclusions in motor
representing approximately 90% of all cases, is unknown. The neurons in ALS, as well as in frontotemporal lobar degenera-
hallmark of neuropathological findings in ALS is significant tion with ubiquitinated inclusions (FTLD-U) [1,2].
motor neuron loss, Bunina bodies, and the abnormal acc- Several reports have described that the Golgi apparatus (GA)
umulation of insoluble ubiquitinated cytoplasmic inclusions in is frequently fragmented in the anterior hom cells of patients
the lower motor neurons, such as skein-like and round in- with sporadic ALS; namely, the organelles lose their normal
network-like configuration, which is replaced by disconnected
) - small elements [3-10]. Furthermore, the GA of spinal motor
* Col nding suthor Depariment of Neuwrology, Gunma Universi A 2 e =
School of Medicine, 3-39-15, Showa-mach, Mu:‘;;.. Gumma 371,511, neurons was also ofien fragmented in paticnts with juvenile
Japan. Fax; +81 27 zmm ALS with basophilic inclusions [11], and familial ALS with
E-mail address: viuj h mma-u ac jp (Y. Fujim). posterior column involvement [12]. Golgi fragmentation was

0022-510X/§ - see front matter © 2007 Elsevier B.V. All rights reserved.
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also detected in motor neurons of asymptomatic and paralyzed
transgenic mice expressing G93A mutations of SOD1[13]. So,
we considered that the GA is an early target of the pathological
processes that initiate neuronal degeneration. We also observed
that a majority of motor neurons containing intracytoplasmic
inclusions such as Bunina bodies, basophilic inclusions, and
SOD1-positive aggregates had fragmented GA [10,11,14].
Therefore, interactions between mutant proteins and any of one
or more proteins involved in the maintenance of the structure of
the GA might disrupt its structure and function [15].

In this study, we investigated the relationship between
TDP-43 immunoreactivities and morphological changes of
the GA by immunohistological methods.

2. Materials and methods

Spinal cord tissues of 10 autopsied cases with sporadic ALS
and 3 control cases were fixed in phosphate-buffered formalin
and embedded in paraffin (Table 1). Three-micrometer-thick
deparaffinized mirror sections of the spinal transverse cords
were prepared and immunostained with two polyclonal rabbit
antibodies against TDP-43 (1:8,000, Protein Tech Group, [nc.,
Chicago, IL, USA) and human trans-Golgi-network (TGN)-46
(1:4,000). Anti-TGN-46 antibody raised against a synthetic
polypeptide, VPLLATESVKQEEAGVRPC (residues 18-35
ofhuman TGN plus a cysteine residue), recognizes an intrinsic
membrane protein of the TGN, and this was prepared in our

Table 1

Clinical and neuropathological findings of 10 ALS and 3 control cases

Case Sex Ageat Diagnosis Duration of  Respr N 1

death discase (months)  inclusions
(years) (months)

1 F 56 Sporadic 13 - BBs, Uls
ALS

2 M 60 Sporadic 36 19 BBs, Uls
ALS

3 M 62 Sporadic 24 - BBs, Uls
ALS

4 F o4 Sporadic B4 - BBs, Uls
ALS

5 F Sporadic 15 - BBs, Uls
ALS

6 F T Sporadic 36 - BBs, Uls
ALS

7 M 75 Sporadic 7 BBs, Uls
ALS

8 M 75 Sporadic 15 BBs, Uls
ALS

9 M Sporadic 5§ BBs, Uls
ALS

10 F 81 Sporadic 5 1 BBs, Uls
ALS

1 M 34 Liver
crthosis

12 F 71 AMI

13 F B6 Neus

M: male, F: female, ALS: amyotrophic lateral sclerosis, BBs: B bodies,

Uls: ubiguitmated inclusions, AMI: acute myocardial infarction.

laboratory [16,17]. Autoclave treatment (121 °C, 10 min) was
required to improve the antigen, and, after blocking endogen-
ous peroxidase activity in 0.3% H;0; (30 min), the sections
were incubated with anti-TGN-46 antibody, and the other
mirror sections were incubated with anti-TDP-43 antibody
overnight at 4 °C. Incubations with the secondary reagent
containing biotinylated anti-rabbit 1gG for 30 min, and finally
ABC for 30 min, were performed. The tissues were subjected
to the peroxidase reaction using the VIP Substrate Kit (Vector)
for those with anti-TGN-46 antibody, and diaminobenzidine
for those with anti-TDP-43 antibody. Subscquently, the
sections were photographed, and those immunostained with
anti-TGN-46 antibody were tumned upside down. We divided
the neurons into subtypes according to differences in TDP-43
immunoreactivities, and examined the morphological changes
of the GA in each of these subtypes.

3. Results

In control cases, TDP-43 nuclear stainings were observed in
the anterior hom cells of the spinal cord, but no cytoplasmic
TDP-43 immunoreactivities were found (Fig. 1al). On the
other hand, in ALS, we observed various abnormal TDP-43
immunoreactivities in the anterior hom cells, and the majority
of these neurons showed little or no TDP-43 nuclear staining.
We divided these neurons into four subtypes according to
differences in TDP-43 immunoreactivities: Type A: neurons
showing normal nuclear staining (Fig. 1 b1), Type B: neurons
exhibiting a loss of normal nuclear staining and a few fine
granular cytoplasmic TDP-43 immunoreactivities (Fig. 1d1,
arrow), Type C: neurons showing a lot of granular TDP-43
immunoreactivities and no inclusions (Fig. 1c1), and Type D:
neurons with skein-like or round inclusions (Fig. 1d1, amow-
head). We could not detect a relationship between the types of
abnormal TDP-43 immunoreactivities and the clinical course
of the disease (age at onset and durations of illness). The GA of
the neurons in the anterior hom cells of the spinal cord was
adequately and specifically immunostained with the anti-TGN-
46 antiserum. In controls, the GA of the anterior hom cells
showed larger or angular profiles that filled the cell bodies
(Fig. 1a2). All of the 48 ncurons showing normal TDP-43
nuclear immunoreactivities (Type A) in ALS cases revealed
pormal GA profiles by TGN-46 immunostaining (Fig. 1b2).
All of the 8 neurons with the loss of normal nuclear stainings
and a few granular cytoplasmic TDP-43 immunoreactivities
(Type B), and almost all of the 35 neurons with granular
immunoreactivities for TDP-43 and no inclusions (Type C) also
showed GA fragmentation (Fig. 1c2 and arrow in d2). All of the
50 neurons with skein-like or round inclusions (Type D) also
exhibited the fragmentation of the GA (Fig. 1d2, aowhead).

4. Discussion
TDP-43 was first cloned as a human protein capable of

binding to TAR DNA of the human immunodeficiency virus
1 (HIV-1) long terminal repeat region [18]. TDP-43 interacts
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Fig. 1. Each mirror section of the spinal cord in control (a) and ALS cases (b -d)
Immunostamimg with antu-TDP-43 (al-d1) and anti-TGN-46 anubodies (a2-(2).
Neurons showing normal TDP-43 muclear immunoreactivites (al, bl) show
normal GA profiles (a2, b2). A neuron showing the loss of normal nuclear
staining and a few cytoplasmic TDP-43 mmunoreactivities (d1, arrow), and a
neuron with granular ammunoreactivities for TDP-43 and no inchusions {cl)
shows fragmentation of the GA (c2. amow m d2). A newon with a skem-like
mchision (dl, amowhead) also showed the disappearance of the GA (d2,
arowhead). Bars: o< 50 pm, d 30 pm.

with several nuclear ribonucleoproteins (RNP) including
heterogeneous nuclear RNP A/B and survival motor neuron
protein. inhibiting alternative splicing [19,20]. The physio-
logical function of TDP-43 in the brain is currently unknown;
however, recent studies have revealed that TDP-43 is a major
component of neuronal cytoplasmic inclusions in motor
neurons in ALS and FTLD-U [1.2]. Although the specific
role of TDP-43 in neuronal degeneration remains obscure, a
number of previous studies have suggested that this protein is
directly involved in the pathogenesis of sporadic ALS, ALS
with dementia, and FTLD-U [1.2.21,22]. In this stady, we
showed that the ncurons with cytoplasmic TDP-43 immu-
nostaining consistently demonstrated a loss of normal nuclear
TDP-43 staining. Cytoplasmic localization of TDP-43 is
pathologic since it is normally a DNA-binding protein lo-
cated in the nuclens. We divided the anterior hom cells into

four subtypes according to the differences of TDP-43 im-
munoreactivities: Type A: neurons showing normal nuclear
staining, Type B: neurons exhibiting a loss of normal nuclear
staining and a few granular cytoplasmic TDP-43 immunor-
cactivities, Type C: neurons showing a lot of granular TDP-
43 immunoreactivities and no inclusions, and Type D: neu-
rons with skein-like or round inclusions, Occasionally,
anterior hom cells showed a loose aggregation of short
threads of TDP-43-positive material, suggestive on an
intermediate stage between the finely dispersed granular
TDP-43 staining of cells without inclusions and the com-
pacted rounded, spicular, or skein-like TDP-43 staining of the
overt inclusions [21]. We speculate that the abnormal TDP-43
immunoreactivities lead to the loss of nuclear immunor-
cactivities at first, then aggregation in the shape of granules,
and finally the formation of inclusion bodies.

On the other hand, the GA plays a key role in the transport,
processing, and targeting of numerous proteins destined for
secretion, the plasma membrane, and lysosomes [23,24]. In
neurons, the GA is involved in the axoplasmic flow of
numerous endogenous proteins and of exogenous macro-
molecules transported by orthograde, retrograde, and transsy-
naptic routes [25-27]. Therefore, GA fragmentation or loss
will certainly have detrimental consequences on the functions
of axons and presynaptic terminals, The fragmentation of the
GA in human disease was first reported in sporadic ALS[5-7].
At present, GA fragmentation is not considered specific for
ALS, since a similar lesion of the organelle was reported in
Alzheimer's disease, corticobasal degeneration, and Parkin-
son’s disease [17,28.29]. However, the neuronal GA is not
dispersed in Alzheimer's disease in neurons with neurofibril-
lary tangles, and only 5% of the remaining substantia nigral
neurons with Lewy bodies had the fragmented GA [28,29].
These findings are in contrast to a majority of motor neurons
containing intracytoplasmic inclusions such as Bunina bodies,
basophilic inclusions, and SOD1-positive aggregates which
had fragmented GA [10,11,14]]. Therefore, we speculated that
there was a correlation between intracytoplasmic inclusions
and GA fragmentation in motor neuron disease. We herein
demonstrated that all neurons showing normal TDP-43 nuclear
immunoreactivities revealed normal GA profiles, and the
majority of neurons with abnormal TDP-43 immunoreactiv-
ities showed GA fragmentation by TGN-46 immunostaming.
Therefore, we considered that abnormal TDP-43 immunor-
eactivities are also correlated with GA fragmentation. How-
ever, recent studies have demonstrated the absence of
cytoplasmic TDP-43 immunoreactivity in SODI-related
familial ALS cases. Lewy body-like hyaline inclusions
observed in familial ALS were ubiquitinated, but negative
for TDP-43 [30.31]. We previously reported that the GA of the
anterior horn cells was fragmented in SOD1-related ALS
patients [12]. Accordingly, we thought that GA fragmentation
is a2 common mechanism of neuronal degeneration and has a
strong relationship with abnormal TDP-43 immunoreactivities
in ALS; however, abnormal TDP-43 was not directly involved
in the maintenance of the GA structure,
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We also demonstrated herein that almost all of the
neurons showing a loss of normal nuclear staining, a few
granular cytoplasmic immunoreactivities (Type B), and a lot
of granular immunoreactivities and no inclusions (Type C)
showed GA fragmentation. Neurons in Type B or C might be
at an intermediate stage between neurons with normal
nuclear staining for TDP-43 (Type A) and neurons with
TDP-43-positive skein-like and round inclusions (Type D).
These results provide supporting evidence that GA frag-
mentation occurs in the early stage of neuronal degeneration
in ALS. Previous reports have indicated that GA fragmenta-
tion is associated with dysfunction of the secretory pathway,
and that neuronal Golgi fragmentation is an early and
probably imreversible lesion in neurodegeneration [15,32].
Thus, our results suggest that neurons without nuclear TDP-
43 immunoreactivities are associated with dysfunction of the
secretory pathway, and it is probably imreversible in the
course of neuronal degeneration.

In the future, further morphological examinations of GA
using electron microscopy are needed, and we have to clarify
the significance of GA fragmentation in neurodegenerative
discase.

Acknowledgement

This work was supported by grants from the Ministry
of Health, Labour and Welfare of Japan, and also from the
Ministry of Education, Culture, Sports, Science and Technol-
ogy of Japan to K. Okamoto.

References

(1] Ami A, Hasegawa M, Akiyama H, Ikeda K, Nonaka T, Mori H, et al.
TDP-43 is a component of ubiguitin-positive inclusions in frontotem-
poral lobar deg, and smyotrophic lateral sch Biochem
Biophys Res Commun 2006;351:602-11.

[2] Neumann M, Sampathu DM, Kwong LK, Truax AC, Micsenyi MC,
Chou'l‘l‘ :ll! meutmladTDP4Jmﬁnnhmornlbbu

lateral Sci 2006,314:130-3,

131 ws.mmsma.mw Gonatas JO, Goud B, e al
Immunocytochemical

visualization of the Golgi apparatus in several
species, including human, and tissues with an antiserum against MG-160, a
sialoglycoprotein of rat Golgi apparatus J Histochem Cytochem
1990;38:957-63,

(4] Gonatas JO, Mezitis SGE, Stieber A, Fleischer B, Gonatas NK. MG-160:
a novel sialoglycoprotein of the medial cisternae of the Golgi apparatus.
J Biol Chem 1989;264:646-53.

[5] Gonatas NK, Stieber A, Mourclatos Z, Chen Y, Gonatas JO, Appel SH,
e al. Fragmentation of the Golgi apparatus of motor peurans in
amyotrophic lateral sclerosis. Am J Pathol 1992;140:731-7.

(6] Gonatas NK. Contributions to the Physiology of the Golgi apparatus.
Am J Pathol 1994;145:751-61.

[7] Mourclatos Z, Adler H, Hirano A. Donnenfeld H, Gonatas JO, Gonatas NK.
Fragmentation of the Golgl apparatus of molor newrons o amyotophic
lateral sclerosis revealed by omganelle-specific antibodies. Proc Natl Acad
Sci USA 1990;87:4393-5.

[8] Mourelatos Z, Yachnis A, Rorke L, Mikol J, Gonatas NK. The Golg:

apparatus of motor in amyotrophic lateral sclerosis. Ann
Neurol 1993;33:608-15,
[9] Mourelatos Z, Hirano A, Rosenquist AC, G NK. Frag

of maotor

of the Golg app in Amyowophic Lateral

Jowrnal of the Neurological Sciences 269 (2008) 30-34 33

Sclerosis (ALS). Clinical studies in ALS of Guam and experimental
studies in deafferented neurons and in B, B’ mindipropionitnle
axonopathy, Am J Pathol 1994;144:1288-300.

[10) Stieber A, Chen Y, Weil S, Mourelatos Z, Gonatas JO, Okamoto K, et al.
The fragmented neuronal Golgi apparatus in amyotrphic latersl
sclerosis includes the trans-Golg-network: functional mplications.
Acta Neuropathol 1998;95:245-53.

[11] Fujita Y, Okamoto K, Sakurai A, Kusaka H, Aizawa H, Mihara B, etal.
mmglmmuhmmdmwmdwdmlwmof

hi lerosis with basophilic & Aca

Nmnmlmwsm_v

[12] Fujita ¥, Okamoto K, Sakurai A, Gonatas NK, Hirano A. Fragmenta-
uouuftheGolgnppnumaﬁh:mhomuﬂsmumumth
familial amy lateral sclerosis with SOD1 mutations and
posterior column mvnlvamm. J Neurol Sci 2000;174:137-40.

[13] Mourelatos Z, Gonatas NK, Sticher A, Gumey ME, Dal Canto MC,
The Golgi apparatus of spinal cord motor neurons in transgenic mice
expressing mutant Cu, Zn superoxide dismutase (SOD) becomes
fragmented in carly, preclinical stages of the disease. Proc Natl Acad
Sci USA 1996:93:5472-7.

[14] Fujita Y, O K. Golgi app of the motor peurans in patients
with ALS and in mice models of ALS. NmmIZOGSJS IRB-94.
[15] Gonatas NK, Sticber A, G 1O. F ion of the Golgi

Wmmmmmuuﬂdelem
2006;246:21-30.

[16] Ponnambalam S, Girotti M, Yaspo M-1., Owen CE, Perry AC, Suganuma
T, et al. Primate homologues of rat TGN38: primary structure, expression
and fimctional implications. J Cell Sci 1996;109:675-85.

[17] Sakursi A, Okamoto K, Fujita Y, Nakazato Y, Wakabayashi K, Takahashi
H,cul. Fragmentation of the Golgi apparatus of ballooned neurons in

with corticobasal degeneration and Creutzfeldt-Jakob discase.
mnmmmlwzm

{18] Ou SH, Wu F, Hamrich D, Garcia-Martinez LF, Gaynor RB. Cloning and
characterization of a novel cellular protein, TDP-43, that binds to human
immumodeficiency virus type | TAR DNA sequence motifs. J Viol
1995:69:3584-96.

[19] Buratti E, Brindisi A, Giombi M, TmmeukyS,AynhmBmﬂn
FE. TDP-43 binds b protein  A/B
through its C- wmmlm].lﬂnolﬁmlﬂﬂi.!%lﬂiﬁ 84,

[20] Wang IF, Rsddy NM, J Shen CK. Higher order amngement of the

ic nuclear bodies. Proc Natl Acad Sci USA 2002;99:13583-8.

[21] Davidson Y, Kelly T, Mackenzie IRA, Pickering-Brown S, Plessis DD,
Neary D, &t al. Ubiguitinated pathological lesions in frontotempaoral
lobar degeneration contain the TAR DNA-binding protein, TDP-43.
Acta Neuropathol 2007;113:521-33.

[22] Neumann M, Kwong LK, Traux AC. TDP-43-positive white matier
inclusions. J Neuropahol Exp Neurol 2007,66:177-83.

[23] Farqubar MG. Progress in unraveling pathways of Golgi traffic. Amnu
Rev Cell Biol 1985;1:447-88.

[24] Meliman I, Simons K. The Golgi complex: in vitro veritas? Cell
1992;68:829-40.

|25] Hammerschlag R, Stone GC, Bolen FA, Lindsay JD, Ellisman MH.
Evidence that all newly synthesized proteins destined for fast axonal

port pass through the Golgi app lCcl.I Binl I982'93:568-—?S_

[26] RMGHC?LSW&.GMIINK Ag i
mdynfﬂumdluhrmofwhmqshmmml
neurans. J Comp Neurol 1986;254:287-96,

127] Rhodes CH, Sticher A, Gonatas NK. Transneuronally transporied
wheat germ agglutinin labels glia as well us neurons in the rat visual
system. ] Comp Neurol 1987,261:460-5.

[28] Sticher A, Mourelatos Z, Gonatas NK. In Alzheimer's discase the
Gdgimnmnflmmmgfmmwimmnmﬁhﬂhry

gl ated and atrophic. Am J Pathol 1996;148:415-26.

[mimeY Dh-mlE.’nhnmnhLM-Suan Okamoto K. Golgi
apparatus of nigral with a-synuclein-positive inclusons
patients with Parkinson's disease. Acta neuropathol 2006;112:261-5.




34

[30] Tan CF, Eguchi H, T:,gawa A, Onodera O Iwasaki T, Tsujino A, et al,

TDP-43 vity in I inclusions in familial amyo-
trophic lateral sclerosis with or without SOD| gene mutation. Acta
Neuropathol 2007;113:535-42.

[31] Mackenzie [R, Bingo FH, [mePG,(’mF NmnmlM.CamM etal
Pathological TDP-43 distnguish yotrophic lateral
from amyotrophic lateral sd-erwawﬂhSODl mutations. Ann Neurol
2007;61:427-34,

Y. Fujita et al. / Journal of the Neurological Sciences 269 (2008) 30-34

[32] Stieber A, Gonatas JO, Moore JS, Bantly A, Yim HS, Yim MB, et al.
Disrupuon of the structure of the Golgi apparatus and the function of
the secretory pathway by mutamts G93A and Gs.iR of Cu, Zn
superoxide dismutase (SODI ) of familial amyotrophic lateral scl
J Neurol Sei 2004,219:45-53,




Cytokine 44 (2008) 283-297

Contents lists available at ScienceDirect
Cytokine

journal homepage: www.elsevier.com/locate/issn/10434666

CY TOKINE

Time lag between the increase of IL-6 with fever and NF-xB activation
in the peripheral blood in inflammatory myofibroblastic tumor

Reiji Fukano® Tomoyo Matsubara **, Takashi Inoue *, Toshikazu Gondo <,

Takashi Ichiyama?, Susumu Furukawa?®

* Department of Pediatrics, vmmimmmmqm 1-1-1 Minamikogushi, Ube, Yamaguchi 755-8505, Japan

® First Department of Surgery, Y hi University Graduate School of Japan

“First Department of Pathology, Yamag ity Graduate School of Medicine, Japan

ARTICLE INFO ABSTRACT

Article history: We describe a case of Inflammatory myofibroblastic tumer (IMT) that occurred in the retroperitoneum.
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The patient manifested systemic symptoms, such as intermirtent fever, anemia, thrombocytosis, and
hypergammaglobulinemia. In order to elucidate the mechanism of intermittent fever in IMT, we analyzed

Accepted 29 August 2008 nuclear factor-kappa B (NF-xB) activation in peripheral blood mononuclear cells (PBMCs) using flow
cytometry, and serum cytokine levels. NF-xB activation was observed in the peripheral blood T cells
; and monocytes/macrophages. Among the measured cytokines, only interleukin (IL}-6 levels were ele-
ﬁ“’“ vared. IL-6 levels during pyrexia in the afternoon were higher than those during apyrexia in the moming.
In contrast to IL-6, NF-xB activation in PBMCs was lower during pyrexia than during apyrexia; this is con-
1

mm i sidered to be because the activation is subject to negative feedback. The time lag between the increase of
Peripheral biood mononuclear cells 1L-6 in the serum and NF-xB activation in the PBMCs at the onset of intermittent fever in IMT may pro-

NF-x8 activation vide further insight into the role of cytokines and NF-xB activation in febrile inflammatory diseases.
© 2008 Elsevier Ltd. All rights reserved.
1. Introduction the 1kB family, including 1Bz, in the cytoplasm |15,16]. Phosphor-

Inflammatory myofibroblastic tumor (IMT), previously de-
scribed as an inflammatory pseudotumor, has been defined in
the recent World Health Organization classification of soft tissue
tumors | 1]. This tumor is a distinctive lesion comprised of differen-
tiated myofibroblastic spindle cells, usually accompanied by the
inflammatory infiltration of plasma cells, lymphocytes, and eosin-
ophils, which occurs primarily in the soft tissue and viscera of
young adults and children [2-5). The symptoms and manifesta-
tions are related to the tumor location [6]. Of the cases reported
in the literature, 19% were accompanied by some type of systemic
symptom, including fever, anemia, thrombocytosis, weight loss,
hypergammaglobulinemia, and increased erythrocyte sedimenta-
tion rate [7,8]. Previous studies have demonstrated overproduction
of interleukin (IL}-6 and IL-1 in the tumor [9-11].

It is well known that fever is modified by the release of large
amounts of proinflammatory cytokines, such as tumor necrosis
factor-ot (TNF-at), [L-1, and IL-6, into the blood. Nuclear factor-kap-
pa B (NF-kB) is a ubiquitous transcription factor for genes that en-
code proinflammatory cytokines [12-14]. The prototype of NF-xB
is a heterodimer consisting of p50 and p65 bound by members of

* Corresponding author, Fax: +81 836 22 2257.
E-mail address: ®yamaguchi-u.acjp (T. Matsubara),

1043-4666/$ - see front marter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.cyt0.2008 08.016

ylation of IkB by bacterial products, viruses, drugs, or cytokines
rapidly leads to its degradation and translocation of NF-xB to the
nucleus [17,18). Activation of NF-kB resuits in the binding of spe-
cific promoter elements and the expression of mRNAs for proin-
flammatory cytokine genes [17,18].

In this study, we describe a case of abdominal IMT in a female
child in whom intermittent fever was persisted. In order to eluci-
date the mechanism of intermittent fever in IMT, we analyzed
NF-kB activation in the peripheral blood, and the serum levels of
cytokines in a patient with IMT.

1.1. Case reports

A previously healthy 5-year-old girl was referred to the
Yamaguchi University Graduate School of Medicine with the chief
complaint of intermittent fever that had persisted for 2 weeks.
Daily, her body temperature rose to 39 °C in the afternoon and
dropped to below 37 °C in the morning (Fig. 1). Physical examina-
tion on admission revealed no abnormalities. The white blood cell
(WBC) count was 11,430/mm’, with differential leukocyte counts
of 2% band neutrophils, 68% segmented neutrophils, and 22.5%

. The level of hemoglobin was 8.5 g/dl; hematocrit,
2B.1%; and serum iron; 12 pg/dl. The platelet count was 665,000/
mm?, and the level of C-reactive protein was 1131 mg/dl. Serum



)
ar

BT l

40

39

38

H

3% r

R. Fukano ef al. fCytokine 44 (2008) 293-297

operation

|

discharge

|

A

35 /i i
AM PM " "

Day 1 2 3 4 5 7 -] 8 18 R
WBC 11,430 7.310 7.660 9.690 6,800  6.080
PLT 885 673 883 70.1 718 420
CRP 11.31 11.14 11.26 1256 126 0.07

rapidly aRer the op L y data imp di

Fig. 1. Clinical course o( the pauenl. Daily, the par.imrs body temperature (BT) rose to 39 *C in the afternoon and dropped to below 37 *C in the morning. Her BT dropped

ly after the of
(10%jmm?); CRP, C-reactive protein (mg/dl).

levels of 1gG and IgA were found to be elevated to as high as 1485
and 536 mg/dl, respectively; however, IgM and IgE levels were
within the normal ranges. Tests for the presence of human herpes
virus 8 (HHVB) and Epstein-Barr virus (EBV) DNA in peripheral
blood—as determined by the polymerase chain reaction—were
both negative. The patient underwent bone marrow aspiration;
the results revealed a normocellular marrow with no evidence of
dysplasia.

Ultrasonographic examination of the abdomen revealed a local-
ized mass in the anteromedial aspect of the left kidney. Computed
tomography of the abdomen revealed a 4 x 4 cm round mass lo-
cated in the left adrenal gland (Fig. 2). An unenhanced scan re-
vealed that the mass was homogeneous and iscattenuated
relative to the kidney. There was no evidence of calcification in
the mass. T1- and T2-weighted MRI images revealed that the mass
was isointense relative to the spleen. On the 9th day of admission,
the patient underwent surgery. The tumor, which had originated in
the retroperitoneum, was Situated posterior to the pancreas, and
was firmly adherent to the left adrenal gland. Complete resection
of the mass together with the left adrenal gland was performed.

Fig. 2. Computed tomography and the resected tumor. Computed tomography of
the abdomen revealed a 4 x 4 cm round mass In the left adrenal gland. The mass
was h and i d relative to the kidney.

2.2.1. NF-xB activation in PBMCs

ET, body : WEC, white blood cell count (Jmm?); PLT, platelet count

On staining with hematoxylin and eosin, spindled myofibro-
blasts and plasma cells were observed in an edematous myxoid
background characterized by abundant vasculature (Fig. 3a). Some
areas were characterized by compact fascicular spindle cell prolif-
eration with variable myxoid and collagenized regions, and regions
infiltrated with eosinophils, plasma cells, and lymphocytes. Immu-
nohistochemical cytoplasmic positivity for anaplastic lymphoma
kinase (ALK) was detected in approximately 50% of the myofibro-
blasts using monoclonal ALK1 antibodies (Dako, Kyoto, Japan)
(Fig. 3b). Fifty percent of the plasma cells exhibited diffuse cyto-
plasmic reactivity for IgG and IgA. In addition, the tumor specimen
was examined using transmission electron microscopy. The tumor
cells exhibited the ultrastructural features of myofibroblastic and
fibroblastic differentiation (Fig. 3¢). The pathological diagnosis
was IMT.

Post-operatively, the patient's body temperature dropped rap-
idly to 36 °C and did not rise again. The platelet count and the level
of C-reactive protein (CRP) returmed to normal (Fig. 1). Subse-
quently, the patient was discharged on the 21st post-operative day.

2. Materials and methods
2.1. Materials

Informed consent was obtained from the patient's parents.
Peripheral blood samples were taken during apyrexia in the morn-
ing and during pyrexia in the afternoon.

2.2. Methods

As reported previously, the expression of NF-xB in PBMCs was
measured by flow cytometry [19-21). Peripheral blood cells were
labeled with a phycoerythrin (PE)-conjugated anti-CD14 monoclo-
nal antibody, a peridinin chlorophyll protein (PerCP)-conjugated
anti-CD3 monoclonal antibody, a PE-conjugated anti-CD4 mono-
clonal antibody, or a PerCP-conjugated anti-CD8 monoclonal anti-
body, and then permeabilized with 4% paraformaldehyde in
phosphate-buffered saline, pH 7.2, containing 0.1% saponin and
10 mM Hepes. The cells were labeled with mouse anti-NF-xB (nu-
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Flg. 3. Histopathology of the tumor. (a) Hematoxylin and eosin staining under high-power magnification (original mmmm 400x). The tumor comprised

myofibroblastic spindle cells proliferating in an inflammatory stroma of lymphocytes and plasma ctlls m i l’ P lympt
ic spindle cells. [¢) Electron microscopy. The tumor cell d

positive in the cy of myofibrobl

clear-localized signal) antibody (1gG3; CHEMICON, Temecula, CA).
The mouse anti-NF-xB (nuclear-localized signal) antibody recog-
nizes an epitope overlapping the nuclear location signal of NF-
kB-p65 and therefore selectively recognizes the activated form of
NF-xB. The cells were then labeled with a fluorescein isothiocya-
nate-conjugated rat anti-mouse IgG3 monoclonal antibody (BD
PharMingen, San Diego, CA). After being washed, the cells were
fixed with 1% paraformaldehyde in PBS and stored at 4 °C until
the flow cytometric analysis. Immunofluorescence staining was
analyzed with a FACScan flow cytometer equipped with CellQuest
software, We analyzed 5000 cells for each sample by flow
cytometry.

2.3, Serum levels of cytokines

The serum level of IL-1p was determined by enzyme-linked
immunosorbent assay using commercially available kits (R&D Sys-
tems Co, Minneapolis, USA and Bender Med Systems, Vienna,
Austria). The concentrations of IL-2, IL-4, IL-6, IL-10, IL-12, inter-
feron-gamma (IFN-y), and TNF-a were measured by flow cytometry
using a cytometric bead array kit (BD PharMingen, San Diego, CA).

2.4. Statistical analysis

The data were statistically analyzed using the Mann-Whitney U
test and Student’s (-test for comparison of the means.

3. Results
3.1. The percentage of cells exhibiting NF-xB activity

Fig. 4 shows all flow cytometric analyses of CD4™ T cells, CD8* T
cells, and CD14" monocytes/macrophages exhibiting NF-xB activity.
The percentage of CD4'T cells, CD8'T cells, and CD14™ monocytes/
macrophages exhibiting NF-xB activity during apyrexia was
70.1 £1.3% (mean 4 SD), B4.045.1%, and 58.8+52%, respectively
(Table 1). The percentage of CD4", CD8’, and CD14" cells exhibiting
NF-kB activity in the patient during pyrexia was 244 $53%
40.0 £ 5.4%, and 22.1 £+ 2.0%, respectively. These percentages were ex-
tremely high in comparison with the normal ranges, being 0.7-63%,
0.2-4.2%, and 0.6-5%, as previously reported [21]. The percentage of
CD4*, CD8", and CD14" cells exhibiting NF-xB activity increased to a
greater degree during apyrexia than during pyrexia (p < 0.05).

3.2. Serum levels of cytokines

The serum levels of IL-6 increased as high as 238.7 + 34.5 pg/ml
(mean £ 5D) during pyrexia and 102.1 £ 53.7 pg/ml during apyrexia

Hnile{A!.l]_M_Klus
d it I of myofibrobl differentiation (c).

{(normal range; <19.9 pg/ml) (Table 1). The IL-6 levels were signifi-
cantly higher during pyrexia than during apyrexia (p <0.05). There
was no increase in the serum levels of [L-1f (normal range,
<3.9 pgfml), IL-2 (<4.5 pg/ml), Il-4 (<15.0 pg/ml), IL-8 (<3.6 pg/
ml), IL-10 (<14.2 pg/ml), IL-12 (<26.5 pg/ml), IFN~y (<429 pg/ml),
or TNF-2 (<11.1 pg/ml). On the 6th post-operative day, the serum
level of IL-6 decreased rapidly to a minimum of 15.5 pg/ml.

4. Discussion

In this study, we report a case of IMT that occurred in the retro-
peritoneum. The characteristics of the histopathological findings in
our case were typical of IMT [1-4]. The etiology of IMT remains un-
clear, with some investigators considering it as an immunological
response to infectious agents including HHVE and EBV [5,11].
However, neither HHVE nor EBV was detected in our patient.

The patient manifested systemic symptoms, such as intermit-
tent fever, anemia, thrombocytosis, and hypergammaglobuline-
mia. Regarding these symptoms, we focused on intermittent
fever in this study. Only serum IL-6 levels were increased among
the cytokines that were examined, which included 1L-1, IL-2, IL-
4, IL-6, IL-10, IL-12, IFN-y, and TNFo. The elevation of serum IL~
1B andfor 1L-6 levels has previously reported in some cases of
IMT [9,11). Overexpression of IL-6 in IMT tissue was also reported
[9,10]. We suspect that the tumor in our case produced IL-6, while
we did not examine IL-6 expression in the tumor. The serum IL-6
levels during pyrexia in the afternoon were higher than those dur-
ing apyrexia in the morning. In inflammatory or infectious diseases
in general, many proinflammatory cytokines, such as IL-18, IL-6,
and TNF-o, are elevated in the sera and mediate the febrile re-
sponse. Since only IL-6 was increased in our patient with IMT,
the changes in the serum IL-6 levels were directly related to the
febrile response.

There was massive NF-xB activation in the PBMCs. Regarding
NF-xB activation in PBMCs, we have reported that NF-xB activa-
tion in PBMCs measured by flow cytometry is similar to that de-
tected by Western blot analysis [21]. In addition, there are some
representative reports on NF-xB activation in peripheral blood by
flow cytometry [19,2223]. NF-xB activation in the peripheral
blood CD4°T cells, CD8'T cells, and CD14 monocytes/macrophages
was increased during both apyrexia and pyrexia in the present
study. In particular, NF-xB activation was remarkable in T cells
during apyrexia. We have already reported that NF-xB activation
in PBMCs increased in patients with inflammatory diseases, such
as Kawasaki disease [21), chronic infantile neurological, cutaneous,
articular syndrome [24) and sepsis [25]. The percentage of NF-xB
activation in PBMCs in IMT was higher than in these inflammatory
diseases. We speculate that [L-6 produced in IMT tissue may in-

=118 =
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analysis. (a and b) CD4" T cells during apyrexia before the surgery. (c and d) CD4* T cells during pyrexia before the surgery. (¢) CD4" T cells after the surgery. (f and g) CDE""

cells during apyrexia before the surgery. (h and i) CD8* T cells during pyrexia before the surgery. () CD8° T cells after the surgery. (k and |} CD14" monocytes/macrophage

ia before the surgery. (o) CD14" after the

during apyrexia before the surgery. (m and n) CD14" monoc phag
Table 1
Serum levels of IL-6 and NF-xB activation in peripheral blood mononuciear cells
Pre-surgery Post-surgery
Apyrexia Pyrexia
Serum levels (pg/ml) n=5 ne4q n=1
IL-6 |<19.8] 102.1£53.7 23874345 28
NF-xB activation (%) n=2 ne=2 nel
CD4° T cells [0.7-6.3] 700413 244153 78
CD8" T celis [0.2-4.2] B4.0£5.1 400254 119
CD14" monocytes [0.6-5.0) 588152 221120 43
Results of pr ¥ the ages and standard deviations.

Values in hramﬂ; r!pmuu: normal ranges.
IL, interleukin; NF-xB, nuclear factor-kappa B.
" The percentage of cells with NF-xB activation in CD4", CD8", and CD14" cells.

duce NF-xB activation in PBMCs to produce more IL-6 in circula-
tion, and continuously increase the massive NF-xB activation in
PBMCs.

We investigated the change of NF-xB activation in the PBMCs
and serum IL-6 levels in relation to the intermittent fever. The ser-
um IL-6 levels during pyrexia were higher than those during apy-
rexia. In contrast, NF-xB activation in the PBMCs was lower during
pyrexia than during apyrexia. We speculate that the reason for this
negative correlation between serum IL-6 levels and NF-xB activa-
tion in the PBMCs is as follows: IL-6 overproduction followed by
NF-xB activation in the PBMCs during apyrexia in the morning
caused pyrexia in the afternoon. NF-kB up-regulates the transerip-

during py

tion of its inhibitor, namely IxB [17]. As a result, the suppression o
NF-xB activation by IxB might occur during pyrexia in the after-
noon. Further study concerning IxB is needed to support thi:

hypothesis.

In conclusion, we analyzed the NF-xB activation in PBMCs anc
serum cytokine levels in a patient with abdominal IMT. In particu-
lar, we demonstrated that the time lag between the increase of IL-€
in the serum and NF-xB activation in the PBMCs was observed al
the onset of intermittent fever in IMT. This in vivo study provec
useful in obtaining further insight into the role of cytokines anc

NF-xB activation in febrile inflammatory diseases.
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To investigate the neuronal function of genes in vivo, a neuron-
specific and inducible gene targeting system is desirable. In this
study, we generated a knockin mouse line that expresses a fusion
protein consisting of the Cre recombinase and the progesterone
receptor (CrePR) in neurons. The neuron-specific expression
of CrePR was attained by inserting CrePR gene into the t locus,
because 1 is expressed strongly in neurons but scarcely in glias

Keywords: conditional knockout, Cre recombinase, gene targeting, knockin,

and other tissues. By crossing this knockin mouse line (™) with
ROSA26 lacZ reporter mouse line (R26R), we observed that
the antiprogesterone RU486 could induce recombinase activity
of the CrePR specifically in neurons. Thus, ™™ knockin line is a
useful tool for studying neuronal gene functions. NeuroReport
19:621-624 © 2008 Wolters Kluwer Health | Lippincott Willlams
& Wilkins.

neurcn, progesterone receptor, RU486, 1

Introduction

Gene targeting is useful for analyzing the molecular
functions of a gene in vivo. Knocking out the gene of
interest in the entire body sometimes, however, leads to
embryonic lethality, preventing further investigation. To
circumvent this problem, conditional knockout technology
is now widely used. To delete genes in a neuron-specific
manner, various Cre transgenic mice have been generated
such as nestin-Cre [1], neurofilament H-Cre [2], and
synapsinl-Cre mice [3].

To acquire additional temporal control of gene targeting,
the tamoxifen-inducible Cre recombinase (CreER") has been
developed [4]. Recently, Kellendonk et al. [5,6] reported that
the RU486-inducible Cre recombinase and the progesterone
receptor (CrePR) had the same or even better latory
properties than CreER". In this CrePR/loxP system, the Cre
gene and the mutated ligand-binding domain of the human
progesterone receptor gene were fused to produce the CrePR
gene [7]. The recombinase activity of the CrePR is induced
by the synthetic antiprogesterone RU486, but not by
endogenous progesterone, This system would make it
possible to delete the specific gene at any desirable time. It
also permits studies in the same mouse before and after
deletion of the gene.

Several CrePR mice have been reported so far, including
Ca’* /calmodulin-dependent kinase 1I-CrePR (induced in
cortex and hippocampus neurons) [6], L-N-methyl-D-aspar-
tate-type glutamate receptor GluR &3 subunit-CrePR (cere-
bellar granule cell-specific) [8], and GluR é,-CrePR (Purkinje
cell specific) [9,10]. All these strains are useful for spatio-
temporally controlled gene targeting in the nervous system,

but in either of these lines, the recombination is limited to
specific member of neurons. Therefore, a mouse line is
required that can induce temporal control of recombination
in all types of neurons.

In this study, we have established a knockin mouse line
named "%, which expresses CrePR specifically in neurons
by inserting the CrePR gene in the t locus. The t locus is
suitable for our purpose because t, a microtubule-associated
protein, is expressed strongly in neurons but scarcely in glial
and other tissues. Moreover, our earlier study has demon-
strated that v knockout mice exhibited a very subtle
phenotype in the nervous system [11]. Here, we show that
the recombination of :“"* line is neuron-specific and
inducible, thus providing a useful tool for studying
neuronal gene functions.

Materials and methods

Generation of 1-CrePR knockin mice

All animal procedure were performed in accordance with
the guidelines of the Animal Care and Experimentation
Committee of Gunma University, and all animals were bred
in the Institute of Animal Experience Research of Gunma
University. We used a 10-kb EcoRI fragment containing the t
gene obtained from the 129/5v mouse genomic library and
subcloned into pGEM7Zf( +) (Promega, Fitchburg, Wiscon-
sin, USA) as the source of the genomic fragment of the
gene [11]. The 673bp 5' untranslated region of the t gene
amplified by PCR was ligated in-frame into the 67 bp oligo
fragment encoding the initial methionine, the nuclear
localization signal (NLS) of SV40 large T antigen, and the
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amino acid residues 2-13 of Cre recombinase. The 740bp
Sall-Agel PCR-oligo fragment was ligated to the Agel-Xhol
fragment of the CrePR [8]. An 8.2kb genomic fragment was
ligated into the 3' end of NLS-Cre’R c¢DNA. Finally,
phosphoglycerokinase-neo cassette (PGK-Neo-pA) flanked
by flippase recognition target sites was ligated into the Xhol
site adjacent to the NIS-CrePR cDDNA to generate the
knockin vector.

Embryonic stem (ES) cells were cultured on neomycin-
resistant mouse embryonic fibroblasts in ES medium as
described previously [11]. The targeting vector was linear-
ized by Notl and electroporated into the ES cells using
Gene Pulser (Bio-Rad, Hercules, California, USA). G418
selection (175mg/ml) was started 38-48h after the electro-
poration.

Genomic DNA from G418-resistant clones digested with
BamHI was analyzed for homologous recombination by
Southern blotting in accordance with standard protocols
[11]. A 500-bp FEcoRI/Smal fragment whose 5 end was
located 2.8kb upstream of exon I, indicated as ‘probe’ in
Fig. 1b, was used for screening of genomic DNA. Further-
more, a 600-bp fragment in PGK-neo-pA was used as the
internal probe to check the integrity of the targeted allele.
The targeting strategy is shown in Fig. L.

Genotyping of -CrePR knockin mice

PCR analysis was used for detection of the wild-type
and targeted alleles. When we used Cre primers 1 (Cre
F: AGGTTCGTTCTCTCATGGA) and 2 (Cre R: TCGAC
CAGTTTAGTTACCCO) for detection of the knockin allele,
a 250bp product was amplified. To confirm the pres-
ence of the wild-type allele, we used mrt primers 3
(mt F: TATGGCTGACCCTCGCCAGGAGTTT) and 4 (ms
R: GTCCACCCCACTGACCTTTTAAGCC).

Analysis of CrePR-mediated recombination efficacy

We used the mutant mice containing t-CrePR and Rosa26
transgene heterozygously (“""*/+; R26R/+). The anti-
progesterone RU486 suspension was prepared as described
previously [9]. We injected 1 mg/g body weight of RU486
into 6-week-old mutant mice intraperitoneally for two
consecutive days. The mice were transcardially perfused

(a) (b)

R L Wild-type
allele
WG
Ta
Inject RU486 mr::f =

N
RUM486 ‘”(ﬂﬂhﬂﬂ
loxP "' loxP :1:&“
o 4
—X —

Fig.1 Generation of t™™ knockin mouse. (a) Scheme for the induction of Cre r

heme used to analyze the recombi

with 3% paraformaldehyde, and the tissues were postfixed
and cryoprotected as described previously [12]. The frozen
sections (10 um) were incubated with rabbit polyclonal anti-
p-galactosidase (B-gal) antibody (Cappel, Durham, North
Carolina, USA) and mouse monoclonal anti-neuronal nuclei
antibody (Chemicon, Temecula, California, USA), followed
by the incubation with Alexa 568-conjugated anti-rabbit 1gG
antibody (Invitrogen, San Diego, California, USA) and
Alexa 488-conjugated anti-mouse lgG antibody (Invitrogen).
The sections were observed using a laser scanning confocal
microscope (model MRC-1024; Zeiss, Oberkochen, Ger-
many), and the images were processed digitally using
Adobe Photoshop (Adobe Systems, San Jose, California,
USA).

For X-gal histochemistry, the sections were washed in
X-gal rinse buffer [5mM ethylene glycol-bis (pH 8.0), 2mM
MgCl,, 0.02% NP40, and 0.01% deoxycholate in PBS], and
were stained overnight at 37°C with X-gal staining buffer
(5mM potassium ferricyanide, 5mM potassium ferrocya-
nide, and 1.0mg/ml X-gal in X-gal rinse butfer).

Results

Generation of CrePR knockin mice

To generate a neuron-specific and inducible gene targeting
system, we established a knockin mouse line named "%,
which carries the CrePR gene in the t locus (Fig. la). The
CrePR gene expresses the Cre recombinase fused to a
truncated form of the human progesterone receptor ligand-
binding domain. The activity of this recombinase is highly
dependent on the presence of RU486, but not influenced by
endogenous hormones [5,6].

We constructed a targeting vector in which CrePR gene
was inserted in the translation initiation site of the t gene in
frame (Fig. 1b). The targeting vector was linearlized and
electroporated into ES cells. The targeting efficiency was
about 65%. Homologous recombinant ES cells (Fig. 1c)
were cultured and injected into blastocysts as described
previously [11]. Similar to © knockout mice, the mutant
mice homozygous for the knockin allele (¢“""%<"™%) were
fertile and showed no evidence of premature mortality [11].
Their brain weight was similar to that of their littermate
controls.

(c)
XBR Exonl X B o
i 1 i i

prooe e

Wild-type; 9.1 kb

_
ﬁ‘:: X B8 }“_f

| -9.1kb
[CrefR] PGKNeo '
XBR B8 [ X B X
g fe—b——
e Mutated: 3.4 kb 34 kb

4 FRT, X: Xbal, B: BamHl, R: EcoRl | kb

d‘CnH

by antiprogesterone RU486, and the mating

ion activity by R26R mouse. (b) Schematic representation of mouse t wild-type (WT) allele (top), knockin vector

(middle), and targeted allele (bottom). Targeting strategy used for inserting CrePR gene in-frame immediately downstream of initiating ATG in exon | of the

1 gene. The neomycin resistance cassette (nec) was flanked by two FRTs to enable the flippase

-mediated excision of this selective marker. (c) Southern

blotting of representative genomic DNA of ES cells. Genomic DNA was digested with BamH, and Southern blot analysis was performed using 5 flanking

probe, which is indicated in (b). CrePR, Cre r b and the prog

one receptor; ES, embryonic stem; FRT, flippase recognition target site.
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(a) Untreated Three weeks after RU48B6 injection Twelve weeks after RU486 injection

1] e e = e —— - S
LacZ positive cells/NeuN positive cells (%)
Untreated L5
Three weeks after RU486 injection 6.0
Twelve weeks after RU486 injection 17.3

Fig. 2 Immunohistochemical analysis of recombinase activity induced by RU48B6. (a) Sections of the hippacampus were double-stained with anti-lacZ
antibody (green) (top panels) and anti-NeuN antibody (marker of neurons; red) (merge; bottom panels). Samples were obtained from t*™] + : R26R/ +
mice without RU486 injection (left panels) and 3 and 12 weeks after intraperitoneal RU486 injection (middie and right panels, respectively). Scale bar,
100 um. (b) Induction ratio of Cre recombinase activity (percentage of LacZ-positive neurons) by RU486 in CAJ regions of the hippocampus. CrePR, Cre
recombinase and the progesterone receptor; NeuM, neuronal nuclel

Cerebellum Cerebral cortex

Fig.3 Neuron-specific Induction of Cre-mediated excision in 1™/ +: R26R/ + mice by RU486 injection. (a) LacZ-stained frozen sections in 1™/ + ;
R26R/ + mice 12 weeks after RLI486 injection. Staining is discernible in neurons in the hippocampus, cerebral cortex, cerebellum, and retina. The arrow
shows the layer of ganglion cells. Scale bars, 100 um. (b) No lacZ activity was detected in tissues other than the nervous system. Scale bar, 100 jum for all

panels. CrePR. Cre recombinase and the progesterone receptor
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Neuron-specific recombination induced by
RU486 injection
To examine the recombinase activity of the CrePR induced
by anti terone RU486, =“™"* were crossed with Gt
(ROSAY®* lacZ reporter mice (R26R mice) [13]. In R26R
mice, Cre-mediated excision of a floxed cassette results in
LacZ expression, which can be detected as fi-gal activity
(Fig. 1a).

The offspring containing each of the mutant gene
heterozygously (t“"%/ +; R26R/ +) were used to evaluate

CrePR activity. RU486 was injected intraperitoneally into’

1“"PR; R26R double heterozygous mice 1mg/g/day for 2
consecutive days. We compared the expression of B-gal in
mice 3-12 weeks after RU486 injection to the expression of
f-gal in untreated mice. Immunostaining revealed that
neuron-specific recombination was induced in a time-
dependent manner in the hi (Fig. 2). In CA3
region of the hippocampus, 17.3% of the neurons were
stained by the anti-LacZ antibody 12 weeks after RU486
injection, whereas only 1.5% of the neurons were stained in
the untreated mouse. Similar neuron-specific and time-
dependent recombination was also induced in other regions
of the nervous system (data not shown).

X-gal staining revealed that the expression of f-gal was
limited to neurons and was not detected in glias and other
tissues in "7, R26R double heterozygous mice. After
RU486 injection, B-gal was detected in neurons in the
hippocampus and the cerebral cortex, Purkinje cells in the
cerebellum and ganglion cells in the retina (Fig. 3a). In
contrast, we detected no recombination in the other tissues
including the liver, kidney, and intestine (Fig. 3b).

Discussion
To establish neuron-specific and inducible gene targelil;g
system, we have generated the t“"* knockin mice. In "
mice, we observed inducible recombination by Cre recom-
binase in the cerebral cortex, hippocampus, cerebellum, and
retina. Although several protocols of RU486 administration
were applied, the Cre recombination ratios were not as high
as expected. The recombination ratio is even lower than that
in earlier studies. For instance, earlier studies
reported that the recombination efficiency after RU486
administration was 50-70% in the hippocampus [6], 90%
in cerebellar granule cells [8], and 80-90% in cerebellar
Purkinije cells [10]. The low recombination efficiency in our
mice may be due to the low delivery efficiency of RU486 to
the brain or low recombination efficiency by CrePR fusion
roteins.

In CrePR/loxP system, nd recombinase activity
seemed to be higher than that of CreER"/loxP system [6,14].
Our data also showed there was a low but detectable
recombination in neurons without induction as reported
previously [8,15]. Although this background activity and
low recombination effici should be improved, we
believe that the t“"* knockin line will be a useful tool for
various genetic analysis of neuronal functions. For example,
low recombination efficiency would allow the knockout
mice to live long enough to examine the function of the gene
of interest, even if the gene is essential for neuronal
function. It also allows one to compare the neurons deficient
in the tar and the ing normal neurons

(‘mosaic analysis’). Thus, "R mice would see applications

in studying the functions of genes involved in neuronal
development, maintenance and degeneration.

Conclusion

We have generated the neuron-specific and inducible mouse
line using CrePR/loxP system. The efficiency and specificity
of the 1" knockin line suggest that the line is a useful tool
for the genetic analysis of neuronal functions.
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