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A total score of the SMON severity was 8.0 + 4.8
(3.3 + 2.6 for gait, 2.2 + 0.9 for sensation and
2.5 £ 2.6 for vision). The living arrangements were
as follows: living alone, 11 persons (19.0%); living
with a spouse, 13 persons (22.4%); living with a
spouse and another family member (son, daughter,
daughter-in-law and/or son-in-law), 16 persons
(27.6%); living with another family member; 10
persons (17.2%); and other arrangements, 8 persons
(13.8%).

The total score and all' items of SR-BI' of the
SMON group were significantly lower than those of
the control group (Table I); and the total score and
all items, except for  preparing mieals; washing
clothes; ‘and: gainful work of ' SR-FAI were signifi-
cantly lower “than those of  the  control- group
(Table II). Table IIT shows that the total score and
all “items  of ' SDL. “of ‘the SMON' group were
significantly - lower - than ' those ~of “the: control
group. PCS and MCS of SF-36 in the SMON group
were 26.3 +7.8 and 39.5 4 11.0, respectively.

Table IV shows the: correlation coefficients be-
tween SMON: severity, SR-BI, SR-FAI, SDL, PCS
and MCS. SDL had significant correlations with
SMON severity,  SR-Bl,. SR-FAI, PCS and MCS;
PCS, with SR=BI'and'SDL; MCS, with SDL:

Discussion

The number of subjects in this study was not:large;
but we believe our data reflect the situation for all

Table I. Scores of Self-Rating Barthel Index.

SMON Control
(N=58) (N=58)
Self-care
Eating (0-10) 8.8+2.9% 1 10.0+0.0
Grooming (025) 44+ 13% 50400
Washing or bathing: (0-5) 3.7+ 1.9*% 5.04+0.0
Dressing upper body (0<7) 5.6 £2.3% 7.04 0.0
Dressing lower body: (0-8) 6.0 4 2.8*% 8.0-+0.0
Toileting (0-5) 4.2+ 1.6% 5.040.0
Controlling urination (0~10) 5.3 +3.5% 10.040.0
Controlling bowel movements 6.5+ 3.7 9.9+0.7
(0-10)
Mobility
Getting in and out of chairs (0-5) 3.8 +1.8% 5.04 0.0
Getting on and off a toilet (0-5) 4.0+ 1.8% 5.0+0.0
Getting in and out of tub 3.34 2.0 5.04+0.0
or shower (0-5)
Walking 50 m on level ground 10,74 5.2% 15,0+ 0.0
(0-15)
Walking up/down the stairs (0-10). . 4.5 £ 4.4% 9.1+24

Total score (0-100) T0.8428.0% 99.0+£ 2.4

The numbers in brackets are theoretical ranges, and measured
values are presented as means+SD.
*p-< 0.05, Mann-Whitney test,;, SMON »s. control

Table II. Scores of Self-Rating Frenchay Activities Index.

SMON Control

(N=58) (N=58)
1. Preparing meals (0-3) 09+1.2 1.4+ 14
2. Washing up (0-3) 1.0 + 1.2* 1.9+ 1.2
3, Washing clothes (0-3) 1.24+1.3 1.7+ 1.3
4. Light housework (0-3) 1.2 +1.3* 23+1.0
5. Heavy housework (0-3) 0.6 + 1.0* 20+ 1.1
6. Local shopping (0-3) 0.9 +1.2*% 22+ 1.1
7. Social occasions (0-3) 0.8+ 1.1* 19+1.0
8. Walking outside (0-3) 0.9 4 1.2* 25+08
9. Actively pursuing hobby (0-3) 0.7+ 1.1* 1.6+13
10. Driving car/bus travel (0-3) 1.2 +£1.2% 2.14+1.0
11. Travel outings/car rides (0-3) 0.3+ 0.7* 0.8+ 0.8
12. Gardening (0~3) 0.3 4+ 0.7% 1.1+1.1
13. Household/car maintenance 0.2 + 0.5* 0.7+1.1

(0-3)

14, Reading books (0-3) 0.8 + 1.2% 1.3+41.3
15. Gainful work (0-3) 0.2+ 0.6 04+1.0
Total score (0-45) 1.1+ 11.0 239477

The numbers in brackets ‘are theoretical ranges, and measured
values are presented as means + SD.
*p < 0.05, Mann~Whitney test, SMON ws. control.

Table III. Scores of satisfaction in daily life.

SMON Control
SDL. items (N=58) (N=58)
Physical health (1-5) 1.6 + 0.9 32412
Mental stability (1-5) 2.2+ 1.1% 3.7+ 1.2
Self care (1-5) 2.4 4'1.3% 44408
Ambulatory mobility (1=5) 2.3 41.3% 44410
Household work (1-5) 2.1+ 1.2% 414+ 1.1
Living environment (1-5) 3.1+ 1.4% 434 1.0
Living arrangements with: 3.5+ 1.2% 4.4+09

spouse/family (1-5)

Hobbies/recreation (1=5) 244 1.1* 34412
Local/social intéraction (1-5) 2,54 1.2* 3.5 1.0
Pension/income (1--5) 2.4+ 1.3% 33412
Work (1--5) 2.840.7% 31405
Total (11-55) 27.3 % 8.6* 41.8 4 7.0

The numbers in brackets: are. theoretical ranges; and measured
values are presented as means + SD.
*p < 0.05,; Mann-Whitney test; SMON vs. control.

Table: IV. Correlation: with. SDL-and SF-36: in' patients - with
SMON.

SDL PCS MCS
SMON severity = 0.387* —-0.204 0.049
SR-BI 0.464* 0.417* -=0.075
SR-FAI 0.442* 0.343 =0.019
SDL - 0.373* 0.459*

SMON  severity, disability. scale for. SMON; SR-BI;’ Self-Rating
Barthel Index; SR-FAI, Self-Rating Frenchay Activities Index;
PCS of SF-36, physical component summary: of short: form-36;
MCS of SF-36, mental component summary of short form-36;
*p < 0.05, Spearman’s correlation: coefficient - (with: ‘Bonferroni
correction for multiple testing).
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patients with SMON living at home to some extent.
The officially approved number of patients with
SMON in Japan is 2504 in April 2006. Because
patients with SMON are receiving a special health
allowance from the pharmaceuticals and medical
devices agency and all such patients are known to
receive the payments, the officially approved number
of SMON is presumably accurate. Although Kur-
iyama et al. [11], Fujii and Arakawa [12], Honaga
et al. [14] investigated 23, 17 and 7 patients with
SMON, respectively, we examined 58 subjects in this
study who were thus equivalent to 2% of all patients
with SMON in our country.

We have developed SDL in order to evaluate the
subjective domains of QOL in patients with SMON,
and have studied: the similarities and- differences
between the measurement concepts of SDL and SF-
36 in the patients with stroke living at home and
the elderly persons living at home [8]. As a result, we
demonstrated that SDL could detect the subjective
domains of QOL. in patients  with  stroke ' that
were similar to the psychological scales of SF-36.

As mentioned before, there have been few reports
on the QOL of patients with SMON; and moreover,
there are no reports of research on disease-specific
QOL scales for patients with SMON. In the present
study, we have investigated the characteristics of
disabilities in patients with  SMON based on: the
research. to date, and we have examined  the
similarities and differences between SDL and SF-
36, We found that significant correlations were
observed between: SMON severity and SR-BIL, SR-
FAIL and SDL. It is believed that the subjective
domains of QOL in patients with SMON are
reduced, along with a decrease in independence of
basic ADL and performance of applied ADL; when
the SMON ‘severity is severe. In addition, from the
fact that correlations were observed between SDL
and  SMON ' severity, basic and applied ‘ADL; and
PCS and MCS of SF-36, SDL. would reflect well the
characteristics of disabilities in patients with SMON.
On the other hand, no relationship has been
observed between SF-36 and SMON severity.

Significant correlations were. observed  between
SMON severity and SDL, but not between SMON
severity and SF-36. SDL was originally developed to
evaluate the subjective domains of QOL specific to
patients with. SMON, and the questionnaire con-
sisted. of the items related to satisfaction of elderly
people living at home and disabilities of patients with
SMON. SF-36 is a comprehensive evaluation scale
that does not specify the disease or symptoms, and its
items are constructed to broadly measure, across
eight areas, comprehensive health concepts. It is
believed that SDL reflécts the disabilities in SMON
better than SF-36. Fujii and Arakawa evaluated
patients with  SMON using Disability Scale  for

Disabilities in patients with SMON 1905

SMON, BI and SF-36, but reported that no
correlation with the PCS and MCS of SF-36 could
be found. The reason for this was stated as the
possibility that QOL of a patient with SMON is not
simply correlated with the extent of the disability,
and that other factors are involved [12]. However,
the results of our research show that SDL, a QOL
scale disease-specific to SMON, can detect subtle
changes of living conditions which are difficult to
accurately determine using SF-36.

In our previous  research ~which included a
comparison between  patients: with SMON and
stroke, patients with SMON showed high values in
applied ADL and low values in SDL. Those results
also indicated that SDL was able to differentiate the
characteristics between patients. with SMON and
stroke [22].

The limitations of our research can be stated as
follows. The first is that 39 non-respondents  may
have affected the results. The male-female ratio of
respondents and non-respondents was about 1:2 in
both - groups, “and' there was ‘no: disparity.: The
questionnaires were designed to be anonymous, so
there was little information on the non-respondents.
Patients with SMON who were bedridden or had
very severe disabilities might not have either wanted
or be able to respond the questionnaire. However,
such patients are. less than 5% according to the
annual medical checkup administered by the local
members of the SMON research committee of the
Ministry of Health; Welfare and Labour, and it is
unlikely that there was any definite bias toward the
respondents. The second is that the values of
correlation coefficients with significance - were not
high. Although the SDL was associated with SMON
severity, basic. and applied ADL, and QOL, SDL
could not explain all of the symptoms and disabilities
of patients with SMON;, and other factors, including
victims of drug poisoning might be involved as Fuijii
and Arakawa had previously described [12].

In conclusion; the subjective’ domains of the QOL.
in patients with SMON were observed: to decrease;
and SDL was found to closely reflect the character-
istics of disabilities in patients with SMON. As'a
result,  SDL. is therefore considered - to be an
appropriate scale for the subjective domains of
QOL in patients with SMON.

Declaration of interest: The: authors report no
conflicts: of interest. The authors alone are respon-
sible for the content and writing of the paper.
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Clioquinol. is considered to be a causative agent of subacute myelo-optico neuropathy
(SMON), although the pathogenesis of SMON is yet to be elucidated. To investigate the
mechanism of neurotoxicity of clioquinol, we used PC12 cell line and focused on nerve
growth factor (NGF) signaling through Trk receptor, which is essential for survival and

Keywords: differentiation of neuronal cells; Clioquinol inhibited NGF-induced Trk autophosphorylation
Clioquinol in a dose-dependent manner. This inhibitory activity was further confirmed by the data of
SMON

the inhibition of NGF-induced mitogen-activated protein kinase (MAPK) phosphorylation,
which is located in the down stream of NGF-Trk intracellular signaling pathway. Clioquinol
also caused neurite retraction induced by NGF and cell death. NGF-stimulated
(differentiated) cells were more vulnerable than naive cells. These results strongly suggest
that clioquinol may cause the perturbation of the intracellular survival pathway by inhibiting

Nerve growth factor
Tyrosine phosphorylation

Trk-initiated signaling pathway.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Clioquinol or 5-chloro-7-iodo-8-hydroxyquinoline was used as
an antibiotic for treating diarrhea and skin infection. It has
been considered that clioquinol was a: causative: agent of
subacute myelo-optico neuropathy (SMON), which is charac-
terized by subacute onset of sensory and motor disturbances
in the lower extremities with visual impairment (Nakae et al.,
1973; Tsubaki et al;; 1971). Pathological study demonstrated
distal dominant axonopathy of the spinal long tracts and optic
tracts (Tateishi, 2000). Over 10,000 patients: in Japan were
affected by SMON before therapeutic use of clioquinol
discontinued in clinical practices in Japan. After the ban of
the sale of clioquinol in September 1970, there was a drastic
disappearance of new cases of SMON though nearly 3000

* Corresponding author. Fax: +81 562 93 1856,
E-mail address: kasakura@fujita-hu.ac.jp (K. Asakura).

patients still suffer from its sequelae in 2002 (Konagaya et al.,
2004). Even after 30 years of the outbreak of SMON in Japan, the
mechanism of nieuronal cell damage by clioquinol is yet to be
elucidated.

Recently clioquinol reemerged for the treatment of non-
infectious indication including malignancy (Chen et al., 2007),
Alzheimer's disease (Cherny et al., 2001; Ritchie et al., 2003},
and Huntington’s disease (Nguyen et al., 2005). Given the
potential reintroduction’ of oral clioquinol medication. for
these new indications, a clear understanding of clioquinol
neurotoxicity is essential to fully appreciate the potential side
effects of this drug.

Neurons are non-dividing cells'in vivo and nerve growth
factor (NGF) is one of the cardinal growth factors to support
neuronal survival and differentiation (Thoenen, 1995). Trk is a

Abbreviations: SMON, subacute mylo-optico neuropathy; NGF, nerve growth factor

0006-8993/$ — see front matter © 2009 Elsevier B.V. All rights reserved.
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high-affinity NGF receptor which contains tyrosine kinase
activity and its activation represents the initial step in the
intracellular signal transduction pathway (Kaplan and Miller,
2000). Following ligand binding, the Trk receptor is activated
by homodimerization. The degree of tyrosine autophosphor-
ylation correlates well with the biological effects in responsive
cells. In this study, to explore the mechanism of neurotoxicity
of clioquinol, we focused on NGF-Trk-dependent signal trans-
duction pathway for cell survival and examine the Trk re-
ceptor autophosphorylation in a neuronal cell line. The data
clearly indicate the potential novel mechanism for the neuro-
toxicity by clioquinol.

2. Results
2.1,  Morphological observation

Morphological effects of clioquinol on NGF-induced neurite
outgrowth in PCtrk cells were observed under phase contrast
microscope. After 24 h in culture, 1 uM of clioquinol-induced
neurite retraction in PCtrk cells as shown in Fig. 1. After 48 h
in culture, 100 nM and 1 uM of clioquinol also induced neurite
retraction (Fig. 1). We further confirmed the effect of clio-
quino! on these cells by neurofilament expression by western
blotting. Western blotting with anti-neurofilament antibody
revealed that clioquinol causes decrease of neurofilament
expression after 48 h in culture in a concentration-dependent
manner. In contrast, B-actin expressions were not changed
(Fig. 2A). We could not detect any changes in the expression of
neurofilament after 24 h in culture (data not shown). To
further confirm the neurite retraction by clioquinol, the
length of neurite was measured. At 24 h in culture, the

0 nM

neurites were significantly retracted at 1 uM concentration of
clioquinol as shown in the Fig. 2B.

2.2, Cell viability assay

To detect the cell death, trypan blue-dye exclusion assay was
performed. As shown in Fig. 3, clioquinol-induced cell death in
NGF-stimulated PCtrk cells in a concentration-dependent
manner. One micromolar of clioquinol increased cell death
drastically in NGF-stimulated cells at 24 h incubation (Fig. 3A).
In contrast, naive cells were significantly resistant to the same
concentration of clioquinol (Fig. 3A). Most of the NGF-
stimulated cells were dead at 1 uM of clioquinol after 48 h
incubation. NGF-stimulated cells (differentiated cells) were
more vulnerable than naive cells (undifferentiated cells;
Fig. 3B).

2.3.  Western blotting analysis of Trk autophosphorylation

A mature form of Trk and its precursor form were recog-
nized as 140 and 110 kDa, respectively. The immunoblot
analysis with a-PY revealed a single band at 140 kDa corres-
ponding to Trk (Fig. 4). To examine the effects of clioquinol
on NGF-induced Trk autophosphorylation, PCtrk cells were
incubated in the presence of clioquinol at various concen-
trations (from 10 nM to 10 pM) followed by the stimulation
with NGF for 5 min. The cells were lysed with lysis buffer.
Then, the cell-free lysates were immunoprecipitated with
«-Trk and the immunoprecipitates were immunoblotted with
a-PY. As shown in the Fig. 4, the inhibition of NGF-induced
Trk autophosphorylation became evident at 100 nM clio-
quinol and it was further decreased in a concentration-
dependent manner.

100 nM 1M

clioquinol concentration

Fig. 1 - Morphological effects of clioquinol on NGF-induced neurite outgrowth. Representative photomicrographs of the cells
cultured with various concentration of clioquinol for 24 h (A) and 48 h (B). Note the neurite retraction in (A) 1 4M and (B) 100 nM

and 1 pM of clioquinol.
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Fig. 2 - (A) Neurofilament expression in NGF-stimulated cells
by westemn blotting. The cells were stimulated with 50 ng/ml
of NGF and were cultured with various concentrations of
clioquinol for 48 h. Cell lysates were applied for westem
blotting with anti-neurofilament antibody or anti-B-actin
antibody. Note the decrease of neurofilament expression in
higher concentration of clioquinol in contrast to the stable
expression of B-actin. (B) NGF-stimulated cells were cultured
with different amount of clioquinol for 24 or 48 h. Neurite
retraction by clioquinol was quantitated by measurement of
neurite length manually in phase contrast micrographs. Each
100 cells from three independent wells were evaluated. Bars
and error bars represent mean+SEM. Statistical analysis by
Student’s t-test was performed, **p<0.01.

To further confirm the inhibition of NGF-induced Trk
autophosphorylation by clioquinol, MAPK {mitogen-activated
protein kinase) phosphorylation response to NGF was also
examined. MAPK is a serine/threonine kinase, which is located
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Fig. 4 - Concentration-dependent effects of clioquinol on Trk
and MAPK phosphorylation. Cells were incubated with
clioquinol for 1 h at various concentrations, then the cells
were stimulated with 50 ng/ml of NGF for 5 min, Cell-free
lysates were immunoprecipitated with o-Trk. Trk
immunoprecipitates were subjected to SDS-PAGE and were
immunoblotted with o-PY or a-Trk (A). Cell-free lysates were
also subjected to SDS-PAGE and immunoblotted with
anti-phosphospecific MAPK antibody (B) and anti-MAPK
antibody (B), respectively. The cells in lane 1 were not
stimulated with NGF and the cells from lane 2 to 6 were
stimulated with NGF (50 ng/ml) for 5 min. Small graphs
showed relative ratio of Trk autophosphorylation or MAPK
phosphorylation. Phosphorylated Trk or MAPK at each
concentration of clioquinol was adjusted with total Trk protein
or MAPK protein, respectively, and was compared as a ratio.

in the downstream of Trk signal transduction pathway and a
key molecule to convey a signal to the nucleus. As shown in
Fig. 3, NGF treatment caused MAPK phosphorylation (lane 2).

A B
Dead cells *® ®
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Fig. 3 - Cell viability assay by trypan blue staining. Gells cultured with or without NGF were incubated with various
concentrations of clioquinol for 24 or 48 h. Dead cells were counted by trypan blue staining. Each experiment was performed in
triplicate. Bars and error bars represent mean+SEM. Note the NGF-stimulated cells are significantly vulnerable to clioquinol.
Statistical analysis by Student’s t-test was performed, ‘p<0.05; **p<0.01.
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The addition of clioquinol in culture medium caused a
reduction of MAPK phosphorylation response similar to the
Trk autophosphorylation response (lanes 3-6).

3. Discussion

Extensive epidemiological studies demonstrated that intake of
clioquinol causes SMON and the prohibition of clioquinol as a
medicine in 1970 dramatically decreased the number of new
cases of SMON in Japan (Konagaya et al., 2004). In contrast to
the epidemiological success, pathogenic mechanism of clio-
quinol neurotoxicity is still unknown even after 30 years of
discontinuation of clioquinol. In this study, to elucidate the
pathogenic mechanism of clioquinol, we focused on the NGF-
Trk-mediated signal transduction pathway and demonstrated
that clioquinol inhibits autophosphorylation of Trk receptor
on a neuronal cell line. Clioquinol inhibited Trk autopho-
sphorylation in a concentration-dependent manner and it was
further confirmed that the phosphorylation of MAPK, which is
a key molecule located in the downstream of NGF-Trk signal
transduction pathway, was also inhibited by clioquinol. Under
microscope, clioquinol caused neurite retraction in NGF-
stimulated cells. In addition, clioquinol caused cell death
both in NGF-stimulated and non-stimulated cells. However,
NGF-stimulated cells (differentiated cells) were more vulner-
able to clioquinol than non-stimulated cells (undifferentiated
naive cells).

In this study, 1 pM was a critical concentration of clioquinol
toxicity to PCtrk cells. It is compatible with the previous
observation in the animal experiments of SMON, i.e,, plasma
levels of clioquinol were approximately 0.5 to 5 pg/ml (1.7 to
17 uM) (Matsuki et al,, 1997). Recently clioquinol has been
the focus of attention as a potential drug for malignancy,
Alzheimer’s disease, and Huntington’s disease (Chen et al,,
2007; Cherny et al,, 2001; Nguyen et al., 2005; Ritchie et al.,
2003). For these new indications, further understanding of
clioquinol neurotoxicity is necessary to avoid potential side
effects of this drug.

Heretofore, the molecular mechanisms of clioquinol-in-
duced neurotoxicity have been proposed. Among various
potential mechanisms of clioquinol neurotoxicity postulated,
metal ion chelating activity of clioquinol, notably Zn**, Cu®*,
Co?*, and Fe®, is one of the most attractive mechanism
because based upon this chelating activity, clioquinol is
started to use as a therapeutic drug for malignancy, Alzhei-
mer’s disease, and Huntington’s disease, vice versa. Clioqui-
nol, in the presence of zinc, is reported to be converted to a
potent mitochondrial toxin (Arbiser et al., 1998). Since
clioquinol has been shown to cause increased systemic
absorption of zinc in humans, it is likely that clioquinol-zinc
chelate was present in appreciable levels in patients with
SMON and may be the ultimate causative toxin of SMON
(Arbiser et al., 1998). Clioquinol can form powerful lipophilic
chelates with divalent cations, and this characteristic has led
to the speculation that clioquinol is able to function as a
carrier of heavy metals to the CNS which could cause toxicity
in nerve tissue (Ohtsuka et al., 1982; Yagi et al., 1985; Yassin et
al., 2000). Clioquinol injection in mice resulted in a rapid loss
of synaptic zinc. Immediate early gene transcription factor, c-

Fos, was induced in the hippocampal region and other parts of
telencephalon and subsequently cell death was observed in
these areas (Ismail et al., 2008).

What is the molecular mechanism for the strong inhibition
of clioquinol on Trk-mediated intracellular survival pathway?
Zinc itself has been known to alter the conformation and to
inhibit the biological activity of neuropeptides related to
neuronal survival, including NGF (Ross et al., 1997). However,
in the present experimental conditions, zinc was free in the
culture medium. Therefore, zinc-related mechanism for the
inhibition of Trk autophosphorylation seems unlikely. Trk has
an intrinsic tyrosine kinase activity, which is located in the
cytoplasmic domain. The initial step of the intracellular signal
transduction of NGF is believed to be activated by the
autophosphorylation on tyrosine residues. Although the
clear molecular mechanism of clioquinol-induced impair-
ment of the Trk receptor function remains to be elucidated,
Trk-initiated intracellular signaling pathway of NGF is an
essential pathway for neuronal survival and differentiation in
vivo. The evidence that differentiated cells stimulated with
NGF were more vulnerable than undifferentiated cells in this
study is compatible with the prominent post-mitotic neuronal
cell damage in SMON. Therefore, it is quite reasonable to
assume that the failure of this important cell survival pathway
would result in the fatal impacts on the normal biology of the
neurons. Thus, clioquinol-induced impairment of Trk autop-
hosphorylation response in vitro culture system would
implicate the new possible molecular mechanism for the
development of the pathological states observed in patients
with SMON. Moreover, this hypothesis suggests a new
therapeutic strategy employing NGF for the treatment of
many patients suffering from intractable residual symptoms
such as pain and neuronal dysfunctions.

4, Experimental procedures
4.1. Cell culture

PC12 cells transformed with human trk complimentary DNA
(PCtrk cells) were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% horse serum, 5%
fetal bovine serum, 100 U/ml penicillin, and 100 mg/ml
streptomycin (Mutoh et al, 2000). Clioquinol (5-chloro-7-
iodo-8-hydroxyquinoline) was purchased from Sigma (St.
Louis, MO) and was dissolved in 100% DMSO at a final
concentration of 10 mM as a stock solution. The stock solution
was further diluted for various experiments. To exclude the
cellular toxicity of DMSO to PCtrk cells, the vehicle containing
equivalent amount of DMSO was examined. We confirmed
that cells were not affected by DMSO up to 0.2% concentration.

4.2, Neurite retraction

We examined the effect of clioquinol on NGF-stimulated
neurite retraction of PCtrk cells. PCtrk cells were stimulated
with 50 ng/ml of NGF in serum-free medium overnight, then
the neurite-extended cells were cultured with 50 ng/ml of NGF
and various concentration of clioquinol (from 10 nM to 10 pM)
for 48 h. The cells were observed under phase contrast
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microscope, To examine the effect on neurite-extended PCtrk
cells, neurofilament expressions were determined by western
blotting. Western blotting with anti-neurofilament antibody
(Biomol International, Plymouth Meeting, PA) or anti-p-actin
antibody (Cell Signaling Technology, Danvers, MA) was
performed to further confirm the effect of clioquinol on
neurite-extended cells, Detailed procedures of western blot-
ting were described in section 4.3.

Furthermore, to quantitate the morphological effects on
neurite-extended cells, phase contrast micrographs took from
typical areas of these cultures and the length of neurites was
measured manually. Each 100 cells from three independent
wells were evaluated. Statistical analysis by Student’s t-test
was performed.

4.3.  Trk autophosphorylation and MAPK phosphorylation

Cells were preincubated with serum-free medium for 1 h at
37 °C, and the cells were incubated in the presence of
clioquinol at various concentrations {from 10 nM to 10 yM)
for 1 h. Then, the cells were stimulated with 50 ng/ml of NGF
for 5 min to examine the effect of clioquinol on NGF-induced
Trk autophosphorylation. After stimulation, the cells were
collected with chilled phosphate-buffered saline and lysed
with lysis buffer (20 nM HEPES, pH7.2/1% Nonidet P-40/10%
(vol./vol) glycerol/50 mM NaF/1 mM phenylmethylsulphonyl
fluoride (PMSF)/1 mM Na;V04/10 pg of leupeptin per ml). The
cell-free lysates were normalized for protein (1 mg/ml) and
immunoprecipitated with anti-Trk antibody («-Trk; Santa
Cruz Biotech Inc, Santa Cruz, CA). The Trk immunoprecipi-
tates were separated by sodium dodecyl sulfate-polyacryl-
amide electrophoresis (SDS-PAGE) under reducing conditions
on 7-14% gradient acrylamide gels, which was followed by
blotting on polyvinylidene difluoride (PVDF) membranes.
Tyrosine phosphorylation of Trk was detected with an anti-
phosphotyrosine antibody («-PY; Upstate Biotechnology Inc,,
Waltham, MA) and Trk was detected with o-Trk. The positive
bands were detected with horseradish peroxidase-conjugated
secondary antibodies using enhanced chemiluminescence
(Amersham Pharmacia Biotech, Piscataway, NJ) (Asakura et
al., 2007). The cell-free lysates were also subjected to SDS-
PAGE and immunoblotted with anti-phosphospecific mito-
gen-activated protein kinase (p-MAPK) antibody (a-p-MAPK;
New England Biolabs, Tokyo, Japan) or anti-MAPK antibody («-
MAPK; New England Biolabs). Semi-quantitative analyses of
Trk autophosphorylation and MAPK phosphorylation were
performed by measuring the density of each band by
densitometer (Shimadzu, Kyoto, Japan). Phosphorylated Trk
or MAPK at each concentration of clioquinol was adjusted with
total Trk protein or MAPK protein and was compared as a ratio
(Mutoh et al., 1995).

4.4.  Cell survival assay

To detect the cell survival the cells were incubated with trypan
blue (Sigma). The cells were seeded onto 24-well plates and
were cultured with or without NGF (50 ng/ml) in serum-free
medium. Then, the cells were cultured with various concen-
tration of clioquinol for another 24 or 48 h. Under phase
contrast microscope, the number of viable (unstained) and

dead (stained) cells was counted. Each experiment was
performed in triplicate and statistical analysis by Student’s t-
test was done.
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