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Localization of Serine Racemase and Its Role in the
Skin
Ran Inoue’, Yoko Yoshihisa?, Yosuke Tojo?”, Chieko Okamura®’, Yuzo Yoshida®?, Jiro Kishimoto®”,
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D-Serine is an endogenous coagonist of the N-methyl-D-aspartate (NMDA)-type glutamate receptor in the central
nervous system and its synthesis is catalyzed by serine racemase (SR). Recently, the NMDA receptor has been
found to be expressed in keratinocytes (KCs) of the skin and involved in the regulation of KC growth and
differentiation. However, the localization and role of SR in the skin remain unknown. Here, using SR-knockout
(SR-KO) mice as the control, we demonstrated the localization of the SR protein in the granular and cornified
layer of the epidermis of wild-type (WT) mice and its appearance in confluent WT KCs. We also demonstrated the
existence of a mechanism for conversion of L-serine to p-serine in epidermal KCs. Furthermore, we found
increased expression levels of genes involved in the differentiation of epidermal KCs in adult SR-KO mice, and
alterations in the barrier function and ultrastructure of the epidermis in postnatal day 5 SR-KO mice. Our findings
suggest that SR in the skin epidermis is involved in the differentiation of epidermal KCs and the formation of the
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skin barrier.
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INTRODUCTION

The N-methyl-D-aspartate (NMDA)-type glutamate receptor is
one of the three major subtypes of ionotropic glutamate
receptors and has a prominent role in the central nervous
system (Nakanishi, 1992; Bliss and Collingridge, 1993; Ozawa
et al., 1998). Recent studies have demonstrated that in addi-
tion to being expressed in central nervous system, the NMDA
receptor is also expressed in keratinocytes (KCs) in the human
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skin and is involved in the regulation of KC growth and
differentiation and in the maintenance of cutaneous barrier
homeostasis (Fuziwara et al., 2003; Nahm et al., 2004).

The NMDA receptor is a heteromeric complex consisting of
a GluNT1 subunit and at least one of the four types of the
GluN2 subunit (Kutsuwada et al., 1992). p-Serine, a p-amino
acid abundant in the mammalian brain, is an endogenous
ligand of the glycine site of the NMDA receptor (Hashimoto
et al, 1992). The activation of NMDA receptors requires,
besides the binding of glutamate to the GIuN2 subunit, the
binding of glycine or p-serine to the glycine site on the
GluNT1 subunit (Dingledine et al., 1999). p-Serine synthesis is
catalyzed by serine racemase (SR), an enzyme that is highly
abundant in the brain and directly converts L-serine to p-serine
(Wolosker et al., 1999). p-Serine is efficacious in potentiating
the activity of NMDA receptors (Fadda et al,, 1988; Matsui
et al, 1995), and its reduction was demonstrated to greatly
decrease NMDA receptor activity (Mothet et al., 2000). We
previously demonstrated that NMDA receptor-mediated exci-
totoxicity can be attenuated in SR knockout (SR-KO) mice
(Inoue et al., 2008). Although the expression and roles of the
NMDA receptor in the skin have been demonstrated, it is still
unclear whether SR is localized in the skin epidermis and
whether a mechanism of conversion of L-serine to p-serine by
SR exists in KCs.

In this study, using SR-KO mice as the control, we localized
SR expression by immunohistochemistry and confirmed the
localization of this protein in the epidermis of wild-type (WT)
mice and cultured WT KCs. We further investigated the
conversion of L-serine to p-serine in cultured WT and
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SR-KO KCs, the expression of proteins involved in KC
differentiation, the ultrastructure of the epidermis, and the
function of the epidermal barrier.

RESULTS
SR protein expression in epidermis and cultured KCs
We first examined the SR protein expression in the epidermis
of the skin by western blot analysis. The SR protein signal was
detected in the epidermis of WT mice, but not in the
epidermis of SR-KO mice (Figure 1a). The expression level
of SR protein in the epidermis was ~ 100 times lower than
that in the brain (data not shown). We next examined
the localization of the SR protein in the skin by immuno-
fluorescence staining. As shown in Figure 1b, SR immuno-
positivity was detected in the granular and cornified layers of
the skin in WT mice but not in those of SR-KO mice. To
determine SR localization in the epidermal subcompartments,
the differentiation markers involucrin and keratin 10 (K10),
the former normally present in the granular and cornified
layers (Tharakan et al., 2010) and the latter in the spinous
and granular layers (Fuchs et al, 1992), were selected for
their double immunofluorescence staining with SR. The
double staining showed that some immunopositivity signals
of SR overlapped with those of involucrin (Figure 1c) but
rarely with those of K10 (Figure 1d), suggesting that SR is
present mainly in the cornified layer and partially in the
granular layer.

We further examined SR protein expression in the cultured
KCs derived from the skin of WT or SR-KO mice. In agreement

a (ka)
47 = SR
355 —
47 Actin
355
WT  SRKO

b} ,

SR-KO

with the finding of localization of SR in the granular
and cornified layers of the skin in WT mice, SR protein
expression was detected in confluent cultured WT KCs, but
not in growth-phase KCs of this genotype (Figure 2a). In
contrast, no SR was detected in either the growth-phase
or confluent SR-KO KCs (Figure 2a). Consistent with the
findings of immunocytochemical analysis, western blot
analysis revealed the absence of SR in the lysates from
growth-phase KCs derived from either WT or SR-KO mice.
SR immunopositivity signals were detected in the lysates from
confluent WT KCs, but not in the lysates from confluent SR-
KO KCs (Figure 2b).

Synthesis of p-serine in cultured KCs derived from skin

The ability of SR to convert L-serine to p-serine was analyzed
using confluent KCs derived from the skin of WT or SR-KO
mice. Under our culture conditions without addition of
-serine, the concentration of intracellular o-serine was
significantly higher in WT KCs than in SR-KO KCs
(Figure 3a, left). There was no significant difference in
intracellular L-serine concentration between WT and SR-KO
KCs (Figure 3a, middle). The addition of 10mm L-serine
to the culture medium resulted in larger increases in intracel-
lular p-serine and L-serine concentrations in WT than in SR-
KO KCs (Figure 3b, left and middle). The concentration ratio
of p-serine to total serine was significantly higher in WT KCs
than in SR-KO KCs under both culture conditions—that is,
with and without the addition of t-serine (Figure 3a and b,
right).

B Srinvolucrin/DAPI

SR/K10/DAFI

Figure 1. Expression of serine racemase (SR) in mouse skin. (a) Western blot analysis of epidermal proteins in wild type (WT) and SR-knockout (SR-KO) mice using
anti-SR and anti-actin antibodies. (b) Immunohistochemical staining of skin from WT and SR-KO mice with anti-SR antibody (green). SR immunopositivity
was detected in the granular and cornified layers of the skin from WT mice but not from SR-KO mice. (¢, d) Double immunofluorescence staining of skin from WT
mice using anti-SR (green) and anti-involucrin (c, red) or anti-K10 antibodies (d, red). K10, keratin 10. Nuclei were counterstained with 4’,6-diamidino-2-
phenylindole (DAPI; blue). The dotted lines indicate the skin surface. The lines indicate the border between the epidermis and the dermis. Scale bars=20um.
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Figure 2. Expression of serine racemase (SR) in skin-derived cultured keratinocytes (KCs). (a) Immunofluorescence staining of SR (green) in growth-phase (left
columns) and confluent KCs (right columns) derived from skin of wild type (WT) and SR-knockout (SR-KO) mice. SR immunopositivity was only detected in
confluent WT KCs. Nuclei were counterstained with 4’,6-diamidino-2-phenylindole (DAP; blue). Scale bar =100 pm. (b) Western blot analysis of proteins in the
lysates from growth-phase and confluent KCs using anti-SR and anti-actin antibodies. The positions of protein size markers are indicated on the left side. The SR
protein band of ~38kDa was only detected in the lysates from confluent WT KCs.

Expression levels of mRNAs and proteins involved in
differentiation of epidermal KCs

On the basis of the localization of SR in the cornified and
granular layer of the epidermis, we examined by quantitative
real-time PCR the mRNA expression levels of filaggrin,
involucrin, and loricrin in the epidermis of WT and SR-KO
mice that are involved in the differentiation of epidermal KCs
(Steinert and Marekov, 1995). The mRNA expression level of
transglutaminase 3 (TGase 3), an enzyme involved in the
formation of the epidermal barrier (Nemes and Steinert, 1999;
Hitomi, 2005), was also examined. The mRNA expression
levels of involucrin and TGase 3 in the epidermis of SR-KO
mice were significantly higher than those in the epidermis of
WT mice (Figure 4). The expression levels of these protein
markers and K10 were further examined by immunohisto-
chemistry. Among the examined proteins, the involucrin

(Figure 5a and b) and K10 (Figure 5a and c) proteins showed
significantly higher immunopositivity signal intensities in SR-
KO mice than in WT mice. There were no marked differences
in the immunopositivity signal intensities of filaggrin and
loricrin between WT and SR-KO mice (data not shown).

Barrier function of skin

On the basis of the above changes observed in the SR-KO
epidermis, we determined whether deletion of SR results in
alteration in the barrier function of the skin. Because we
detected SR expression in the skin of WT mice on postnatal
day 5 (P5) (data not shown), skin permeability, transepidermal
water loss (TEWL), and recovery of disrupted skin barrier were
examined in newborn and P5 WT and SR-KO mice. The skin
of either WT or SR-KO newborn mice was not permeable to
toluidine blue (Supplementary Figure S1 online). However, the
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Figure 3. Concentrations of intracellular p-serine and 1-serine in wild type (WT) and serine racemase-knockout (SR-KO) keratinocytes (KCs) cultured in
medium with and without the addition of 1-serine. (a) Concentrations of intracellular o-serine and t-serine in extracts of KCs cultured in medium without
addition of t-serine. (b) Concentrations of intracellular o-serine and t-serine in extracts of KCs cultured in medium with addition of 10 mm t-serine. Data are-
presented as mean* SEM (n=7). *P<0.05; **P<0.001; two-tailed Student’s t-test.

level of TEWL in SR-KO mice was significantly higher than
that in WT mice (Figure 6a). In the assay of barrier recovery,
SR-KO mice exhibited significantly lower recovery rates at
4 and 6hours after tape stripping than did WT mice
(Figure 6b).

We also assessed the healing rate of wounds produced in
the dorsal skin of adult WT and SR-KO mice, and found no
marked difference in the time needed for complete healing of
wounds between the two genotypes (Supplementary Figure S2
online).

Ultrastructural analysis of epidermis

The SR-KO mice did not show any gross histological abnorm-
ality in the skin examined with hematoxylin and eosin staining
(data not shown). The dorsal skin obtained from P5 mice was
further examined by electron microscopy. Although no
marked change was observed in the formation of lamellar
bodies, the exocytosis of lamellar granules, and the forma-
tion of lamellar bilayers in the epidermis of SR-KO mice
(Supplementary Figure S3 online), the number of stratum
corneum (SC) layers in this genotype of mice was significantly
decreased when compared with WT mice (Figure 6c-e).
Moreover, in the transition zone of the stratum granulosum
(SG) of the SR-KO epidermis, the keratohyalin granules were
markedly enlarged (Figure 6f and g).

DISCUSSION

The epidermis of the skin functions as a barrier against the
environment through the uppermost layer of terminally

Journal of Investigative Dermatology

differentiated, denucleated KCs, namely, the cornified layer
(Nemes and Steinert, 1999; Candi et al., 2005), that forms the
end point of epidermal differentiation and barrier formation. in
this study, we found the localization of SR protein expression
in the granular and cornified layers of the skin in WT mice,
changes in the expression levels of markers of differentia-
tion (involucrin, TGase 3, and K10) in SR-KO mice, and the
alteration of the barrier function in SR-KO mice. These
findings imply that SR is involved in the terminal differ-
entiation of KCs and the formation of the epidermal barrier.
Confluency is a stage representing the terminal differentiation
of cultured WT KCs (Botta et al., 2012). In our in vitro assay,
SR immunopositivity was identified only in confluent WT
KCs but not in growth-phase KCs that further suggests an
association between SR expression and the terminal differ-
entiation of KCs.

In view of the SR immunopositivity, SR seems predomi-
nantly expressed in the cornified layer, and with terminal
differentiation many functional proteins in epidermal KCs are
degraded, including the NMDA receptor. The question arising
here is whether the racemization catalyzing the conversion of
t-serine to p-serine exists in the epidermis. Although we were
unable to directly examine SR activity in the cornified layer,
we speculate about the function of SR in the epidermis on the
basis of the following reasons. First, from the determined
molecular weight of the SR protein (~38 KDa) from the skin,
the protein is expected to be of full-length size and not
degraded. Second, the overlapping of SR and involucrin
expressions indicates that SR may at least be partially
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Figure 4. The mRNA expression levels of filaggrin, involucrin, loricrin, and transglutaminase 3 (TGase 3) in the epidermis as determined by quantitative
real-time PCR analysis. The relative mRNA expression levels of filaggrin, involucrin, loricrin, and TGase 3 in the epidermis of wild type (WT) and serine
racemase—knockout (SR-KO) mice were normalized against the level of glyceraldehyde-3-phosphate dehydrogenase mRNA. The mRNA expression levels
of involucrin and TGase 3 in the epidermis of SR-KO mice were significantly higher than those of WT mice. Data are presented as mean + SEM (n=3).

*P<0.05; two-tailed Student’s t-test.

expressed in the granular layer. Third, the increased involu-
crin, TGase 3, and K10 expression levels in SR-KO epidermis
indicate the association of SR function with the differentiation
of KCs in the granular layer. Finally, our in vitro assay
demonstrated the existence of a mechanism for the conversion
of t-serine to p-serine through racemization by SR in the
epidermal KCs. These findings suggest that SR and p-serine are

required for KC differentiation and the maintenance of the

physiological function of the skin. One study demonstrated
that an enzyme isolated from frog skin secretions catalyzes the
isomerization of L-amino acids in peptides to the p-type (Jilek
et al., 2005) that further suggests the importance of b-amino
acids and racemization in skin functions.

Besides converting L-serine to pD-serine, SR has the activity
operating in reverse racemase mode, converting p-serine to
-serine (Foltyn et al, 2005). The condensation reaction
between L-serine and palmitoyl-CoA, catalyzed by serine
palmitoyltransferase, is the first step in the de novo
biosynthesis of ceramides (Holleran et al, 1990; Hanada,
2003; Breiden and Sandhoff, 2013). As serine palmitoyl-
transferase strictly uses L-serine as its amino acid substrate
(Hanada et al., 2000), it is possible that SR in SG may have a
role in the synthesis of ceramides by catalyzing the mutual

conversion of L-serine and p-serine to maintain an appropriate
level of L-serine. ‘

The increased level of TEWL and the significantly reduced
rates of barrier recovery in P5 SR-KO mice reveal an alteration
in the barrier function of the SR-KO skin. Formation of the skin
barrier requires not only the formation of the SC lipid-enriched
extracellular matrix, but also the corneocyte formation (Hohl,
1990; Nemes and Steinert, 1999). During the final stages
of epidermal differentiation, outer SG cells transform into
anucleate corneocytes, with highly resilient cornified envelopes.
The significant decrease in the number of SC layers observed
in SR-KO mice is assumed to result from the impairment in
this transformational process that consequently exerts an
influence on the barrier function of the epidermis or its
recovery after acute disruption by tape stripping. The influx
of calcium ions into KCs through the NMDA receptor has
been shown to have an important role in KC differentiation. In
one pharmacological study, blockade of keratinocytic NMDA
receptors with MK-801 suppressed the expression of
differentiation markers such as K10 and filaggrin (Fischer
et al, 2004a, b). Furthermore, parakeratotic cornification
was demonstrated to be associated with the reduced level of
NMDAR1(GIuNT1) expression (Fischer et al., 2004b). Taken
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Figure 5. Expression of invelucrin and keratin 10 (K10) in the epidermis of wild type (WT) and serine racemase-knockeut (SR-KO) mice.

(a) Immunofluorescence staining of skin from WT and SR-KO mice with anti-involucrin (magenta) and anti-K10 antibodies (magenta). Nuclei were counterstained
with 4,6-diamidino-2-phenylindole (DAPL; blue). Scale bar =20pum. (b, ¢) Graphs showing the immunopositivity signal intensities of involucrin (b) and K10
(c) in the epidermis of WT and SR-KO mice. The expression levels of involucrin and K10 proteins were significantly higher in SR-KO mice than in WT mice. Data
are presented as mean+ SEM (n=5). AU, arbitrary units. *P<0.05; two-tailed Student’s t-test.

together, the negative influence on NMDA receptor function
resulting from the deficiency of p-serine in SR-KO mice may
affect KC cornification.

Accordingly, an enlargement of keratohyaline granules was
observed in the transition zone of the SG in the epidermis of
the P5 SR-KO mice. Although there is no evidence showing a
direct association between keratohyaline granules and barrier
function of the skin, it is likely that the abnormally enlarged
keratohyalin granules in the SG of SR-KO mice may indicate
the effect of SR-KO on KC differentiation and may affect the
production of filaggrin (Dale et al., 1978) that is important for
skin barrier (Candi et al., 2005).

it is worth mentioning that our data on the recovery of
barrier function are inconsistent with one previous report
(Fuziwara et al., 2003) in which the recovery of skin barrier
after tape stripping in hairless mice was delayed by the topical
application of NMDA receptor agonists, presumably through
an NMDA receptor-mediated mechanism of accelerating

Journal of investigative Dermatology

calcium influx into KCs and consequently perturbing the
secretion of lamellar bodies, and such delay was erased by
NMDA receptor antagonists. This inconsistency is probably
attributed to the following reasons: (1) differences in the
pharmacological and genetic approaches; (2) the different
types of mice at different ages that were used for analysis; and
(3) the developmental deletion of SR that affects the KC
differentiation and leads to a significant decrease in the
number of SC layers as observed in P5 mice that may
overcome the influence resulting from an increase or a
decrease in calcium influx into KCs on the secretory system
of lamellar granules.

There is also another inconsistent finding in SR-KO mice:
the lack of diffusion of toluidine blue into the skin and the
increased TEWL. This inconsistency is probably attributed to
the methodological validity. Dye diffusion is appropriate for
the measurement of a large magnitude of barrier disruption,
whereas TEWL is sensitive for the measurement of subtle
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Figure 6. Barrier function and ultrastructural analysis of skin. (a) Transepidermal water loss (TEWL) in the dorsal skin of postnatal day 5 (P5) wild type (WT)
and serine racemase—knockout (SR-KO) mice. (b) Barrier recovery of P5 mice 2, 4, and 6 hours after tape stripping. (c-g) Electron microscopy of P5 mice
epidermis. Stratum corneum (SC) of (¢) WT and (d) SR-KO mice. Arrows indicate the outermost and innermost layers of SC. (e) Bar graph showing the number
of SC layers in WT and SR-KO mice. (f, g Keratohyalin granules (arrows) in the transition zone of the stratum granulosum of the (f) WT and (g) SR-KO mice.
Scale bars=5 pm. Data are presented as mean £ SEM. *P<0.05; two-tailed Student’s t-test.

changes in barrier function (Indra and Leid, 2011). The effect
of the deletion of SR on the skin barrier function observed in
P5 mice needs to be examined in adult mice.

MATERIALS AND METHODS

Animals

Animal care and experimental protocols were carried out basically in
accordance with the “Guidelines for the Care and Use of Laboratory
Animals, DHEW, publication no. (NIH) 80-23, revised 1996" and
approved by the Experimental Animal Committee of the University of
Toyama (Authorization No. 2010-MED-61). The SR-KO mice with
100% C57BL/6 genetic background were generated as previously
reported (Miya et al., 2008). The WT and SR-KO mice were used for
analyses in a genotype-blind manner.

Antibodies

The pET-His expression system (Novagen, Birmingham, UK) was used
to produce a His-tagged fusion protein containing the full length of
mouse SR amino acids. The glutathione S-transferase (GST) fusion
protein expression system (GE Healthcare, Buckinghamshire, UK) was
used to produce a GST-tagged fusion protein containing amino acid
residue nos. 150-190 of the mouse SR (SRysg_190). Polyclonal
antibodies against His-tagged SR were produced in rabbits and
guinea pigs and were further purified using an antigen-affinity column
coupled with the GST fusion protein SRy50_190. Antibodies against SR
were used at a concentration of 0.5mgml~" for western blot
analysis, immunohistochemistry, and immunocytochemistry. A rabbit
polyclonal anti-actin antibody was purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). Rabbit polyclonal antibodies to
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loricrin, involucrin, filaggrin, and K10 were purchased from Covance
(San Diego, CA).

Western blot analysis

The skin epidermis from WT and SR-KO mice was homogenized in
ice-cold mammalian protein extraction reagent (Pierce, Rockford, IL).
Protein extracts (100 pg) were subjected to SDS-PAGE, and separated
proteins were transferred onto polyvinylidene difluoride membranes.
After blocking with a solution containing 5% skim milk in phosphate-
buffered saline (PBS, pH 7.4), the membranes were incubated with
a rabbit anti-SR or rabbit anti-actin (1:2,000) polyclonal antibody
overnight at 4°C, then with a horseradish peroxidase-conjugated
secondary antibody for 1 hour. Protein bands were detected using an
ECL chemiluminescence detection system (GE Healthcare).

Immunohistochemistry

Frozen skin tissues from WT and SR-KO mice were cut into 25-pm-
thick sections using a freezing microtome and were mounted on
slides. The cryosections of the skin were fixed in 0.1m phosphate
buffer (PB, pH 7.4) containing 4% (w/v) paraformaldehyde for
30 minutes, rinsed in PBS, and blocked with Protein Block Serum-Free
(DakoCytomation, Carpinteria, CA) for 10minutes at room tempera-
ture. The sections were then incubated with primary antibodies
(guinea pig anti-SR, rabbit anti-SR, anti-involucrin, anti-filaggrin,
anti-loricrin, or anti-K10 antibodies) diluted in PBS containing 1%
BSA overnight at 4°C. After washing in PBS, the sections were
incubated with Alexa Fluor 488~ and Alexa Fluor 594—conjugated
species-specific secondary antibodies (Invitrogen, Carlsbad, CA) for
1 hour at room temperature. The sections were then washed in PBS,
counterstained with 4’,6-diamidino-2-phenylindole (Vector, Burlin-
game, CA), and coverslipped. Images were obtained using a confocal
laser scanning microscope (Leica TCS-SP5, Leica Microsystems,
Mannhein, Germany). For the quantitative analysis of immunoposi-
tivity signals, the obtained images were analyzed using the public
domain Java image processing program Image] (National Institutes of
Health, Bethesda, MD).

Culture of primary KCs

The excised skin samples from 1-day-old WT and SR-KO mice were
floated on CnT-07 medium (CELLnTEC Advanced Cell Systems, Bern,
Switzerland) supplemented with antibiotics (100U mi~" penicillin,
100 pgml ™" streptomycin, and 0.25pgml~" amphotericin B) and
0.1% dispase Il (Invitrogen), and incubated overnight at 4°C.
Epidermal sheets were then separated from the dermis with forceps
and treated with TrySELECT (Invitrogen) for 30 minutes to isolate KCs.
The cells were collected by centrifugation and then seeded in 3.5cm
culture dishes containing CnT-07 medium. They were then incubated
at 37°C in a humidified atmosphere of 5% CO; in air. Western blot
analysis of KC proteins (100 pg) was performed as described above.

Immunocytochemistry

Confluent or growth-phase KCs that were cultured on glass-bottomed
dishes were immersed in 4% paraformaldehyde for 30 minutes for
fixation, incubated for 10minutes in PBS containing 0.1% Triton
X-100 for permeabilization, and blocked with PBS containing 3%
BSA for 30minutes. Thereafter, the cells were incubated with a
guinea pig anti-SR antibody overnight at 4 °C, followed by incubation
with donkey anti-guinea pig IgG conjugated with Alexa Fluor 488 for
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1 hour at room temperature. The cells were rinsed in PBS after each
treatment. Finally, the cells were counterstained with 4’,6-diamidino-
2-phenylindole. Images were obtained using a fluorescence
microscope.

Measurement of intracellular p-serine and L-serine in cultured
KCs

Confluent KCs were further cultured in media supplemented with
10mm t-serine for 48hours. The concentration of intracellular p-
serine and L-serine was analyzed by two-dimensional HPLC (Miyoshi
et al,, 2011) as described in Supplementary Materials and Methods
online.

Quantitative real-time PCR analysis

RNA was prepared from the epidermis of the back skin, then reverse
transcribed and subjected to quantitative real-time PCR as described
in Supplementary Materials and Methods online.

Cutaneous barrier function

TEWL was measured on the back skin of P5 mice using an
evaporimeter (VapoMeter SWL2g; Delfin Technologies, Kuopio,
Finland). In the assay of barrier recovery, epidermal barriers of P5
mice were disrupted by tape stripping until the TEWL reached
30-40gm~2h~". In each animal, the percentage of recovery was
calculated by the following formula: (TEWL immediately after barrier
disruption — TEWL at indicated time point)/(TEWL immediately after
barrier disruption — baseline TEWL) x 100%.

Electron microscopy
The back skin from P5 mice was minced into 1-mm-thick blocks and
fixed immediately in 0.1 m cacodylate buffer (pH 7.4) containing 2%
paraformaldehyde and 2% glutaraldehyde overnight at 4°C. The
samples were then washed with 0.1 m cacodylate buffer and followed
by postfixation with 2% osmium tetroxide in 0.1 m cacodylate buffer
at 4°C for 3hours. For observation of lamellar membrane and
lamellar bodies, mouse skin was postfixed with 2.5% ruthenijum
tetroxide in 0.1m cacodylate buffer. The blocks were ultrathin,
sectioned at 70nm, and were examined using a JEM-1400 electron
microscope (JEOL, Tokyo, Japan).

The number of SC layers was determined from osmium postfixed
samples. Three points were selected at random and the number of SC
layers was counted.

Statistical analyses

All values are presented as mean = SEM. The statistical significance of
difference between WT and SR-KO mice was determined by two-
tailed Student’s t-test. Values of P<0.05 were considered statistically
significant. For quantitative real-time-PCR data, P-values were cor-
rected for type | errors using the Benjamini~Hochberg method.
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Fig. 1

Clinical course after admission.

The patient was admitted because of infectious mononucleosis. After the admission her condition improved. But on
- hospital day 4, she suddenly developed cerebellar ataxia in the trunk and four limbs. We diagnosed acute cerebellar ataxia
and performed methylprednisolone pulse therapy. After this therapy, her cerebellar ataxia improved over a few days.

Table 1

Previously reported cases presenting cerebellar ataxia accompanied with anti-GluR52 antibody.

Case (ytfres) ex Antecedent disease Duration of the illness Mﬁiﬁm& az::ody Ab:rt::lcgetliln&ngs
Sugiyama et al.? (2004) 3 M Diarrhea, vomiting More than 16 months + + -
Usui et al.” (2011) 13 F Vaccination (MR) More than 9 months + + -
Shimokaze et al.? (2007) 13 M Unknown Less than 3 weeks + - +
Kubota et al.” (2008) 4 F Vaccination (DPT) 20 months - + -
Ichikawa et al.” (2009) 2 F Respiratory infection More than 9 months + unknown -
Shiihara et al.” (2007) 1 M Respiratory infection, Varicella 2 months + + -
Present case 18 F Epstein-Barr virus infection 3 weeks - + -

CSF: cerebrospinal fluid, MR: measles and rubella, DPT: diphtheria, pertussis and tetanus.
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Abstract

A case of acute cerebellar ataxia following infectious mononucleosis accompanied
by intrathecal anti-glutamate receptor 82 antibody

Hidetomo Murakami, M.D.", Shoji lijima, M.D.?, Mitsuru Kawamura, M.D.?,
Yukitoshi Takahashi, M.D.? and Hiroo Ichikawa, M.D.”

PDepartment of Neurology, Showa University Fujigaoka Hospital
9Department of Neurology, Saiseikai Kanagawaken Hospital
®Department of Neurology, School of Medicine, Showa University
“Department of Pediatrics, National Epilepsy Center, Shizuoka Institute of Epilepsy and Neurological Disorders

An 18-year-old woman was admitted because of sore throat and pain in the epigastric region. On admission, she
presented with swollen tonsils and hepatosplenomegaly. Blood examinations revealed the presence of atypical
lymphocytes, liver damage and anti-VCA IgM and IgG antibodies. These findings led to diagnosis of infectious
mononucleosis. After admission, her condition improved, but on hospital day 4, she suddenly developed cerebellar ataxia
in the trunk and four limbs. Cranial MRI findings were normal. Cerebrospinal fluid (CSF) collected on hospital day 6
showed normal cell counts and normal concentrations of protein and glucose. EB virus DNA and anti-VCA IgM and IgG
antibodies were negative and glutamate receptor 62 antibody was positive in CSF collected on hospital day 11. We
diagnosed acute cerebellar ataxia (ACA) and performed methylprednisolone pulse therapy. After this therapy, her
cerebellar ataxia improved over a few days. This is the first reported case of ACA after EB virus infection presenting
with glutamate receptor 82 antibody in CSE The glutamate receptor 82 subunit is expressed on cerebellar Purkinje cells.
Therefore, the presence of the antibody may be associated with cerebellar dysfunction. In the present case, secondary
immune reactions after EB virus infection may have produced the antibody.

(Clin Neurol 2013;53:555-558)
Key words: infectious mononucleosis, acute cerebellar ataxia, Epstein-Barr virus, anti-glutamate receptor 82 antibody
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[51] 84 epileptic spasms % & T 2 BT, #E ACTH FEAEDS 5\ 134E ACTH BEEARRER L7
Bl 25 B2 BT, ACTH BIEREMITHR, £ TADPARED 2 7 AULEH S hHe2 BHHEHRES D & L,

Kaplan-Meier % AW 7-BEHIR OB 21T o 72,

2] S5 8E, 2 [ HMATERIC epileptic spasms DA DEFITIE 76.5% THER, EHORIER % L DEFITIE

BERBlEah otz

EHSIR T, BHBEERE* b OB L B L T epileptic spasms DA% b OB THBEIEBEEEHETEL,
treatment-lag 7% 2 % F LINOEF TR EHHRSENL TV,

[E3%] ACTH BHERERIT TIIESHR - ROAHR LS IIREEOEEBFREVEEZ LN,
RHUEE ecpileptic spasms, ACTH #¥E, West FEMERF, BIETH, ok

& C &

West fEBEEE IS hypsarrythmia, epileptic spasms, FBFIEEIS
EBHEEXETHTAPAERED 1 2T, RHEOREIF
O— URETFRICEET AL ENRT VS, West EREFHDE
#I2iE, vitamin B, LTADAE, ACTH #EE, Hr~rn
T UEEREFHED, BEFRIELTLOIRBIFEIZVR
72y, ACTH SEEEDETIMIL 1958 4E Sorel H12 & o THE X
Y, BERTADPAFEDEEN A FS4yTLRIEBEY 2
BEETH A LERSN, BERRHOFAISEREIA T
%. ACTH #EOEHS R, BRI ERERTI 42~
§1%TEEREMT A2, L L, ACTH EEIIERH D
%<, ACTH DEIfEB L LT, BIiLE, BREEY, HRE
e, B, SHEE, HKRTH-TEARESS, BIBERE
BEAE, BREOHE, BOERE, KiEHE, TETL
Balddh, RBEEZCREITHERZELBASN, TET
RERBEESYRPLERSIR L, RESENFHEEET
H|EHNL V., ACTH BREROBREFITIX, M TADPAERY

VETRREEBESEATAPA - BEEEE Y ¥ —/NER

PEBAFEFTABAETTRENER

E&E% T 192-0032 AEFHAIIET 1838
HREAEEZHNBEALTTRENESR (M LEET)
E-mail : ikegami @is.icc.u-tokai.ac.jp

(#fTH : 2012. 4. 9, ¥EH: 2012. 9. 7)

y=su) YEEREVPRINGD, BEFHREIFELR
VW, Bl r s — T, EEIERICEREL R TE epileptic
spasms ¥ BT BHESIT, ACTH BELERITT 52 L TF
PEBIENZIN 2 FZ (R A b N EFI R 28 L, ACTH &
FAEMATORRECBEEREBEOMCT 57010, BHFHAYN
L R WA

I M&-HE

1. EFLEIRER

2002 4 10 A#r5H 2010 4 9 A T T ELREEHEER TA
PhA - HEREEYLY S - TOMEBREN D 5 HIE epileptic
spasms X BT AEFID I B, MHRETOEEDLED ACTH &
EAt 2 BB ERAT S, BRGE, ACTH 58, %58,
BERRER, BEFMRITHREIN TV 25 EFICO X, 2
EHRETICBRARICHET L. (R 1), ACTH #E 3 HERK
TE3flH o7z (F2). BEEER, Y7 TRERETEICX
) ¥i% L7z, Epileptic spasm (¥, BEMNLEHORET, H
BROBHD 2R, ZOWMEDRELRTHNL LI,
Spasm ZEHORBEE BV THERYETIDE V) - XK
B% spasms (spastic cluster ; SC) & L, VBT AR HE
BObL D%, HE spasm (single spasm ; SS) & L7z,

2. WREG DR

Ho P hERERS R, BREORENSEET, ME¥
HWEEFMREB L UHEHEMRTREORVIESN + HEYE, &%
B L ) BHEEEERCHO TAPARER EOMS HORKE
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282 BERE a5k B4E
F11 25 EBIDBRKRER 1 BB ACTH kR
No. | # R e s - B ACTH 7% -
R 1 E#%5-& mg/kg/day EPFHE
1 | F | TBB/CP+MR 0 2 SCM |S-B 0.0125 —
(3 days)
2 | M| SEERE{E 1 4 SC hyps 0.0070 -
3 | F | REA/CP+MR 1 9 PS S-B+Ltsp 0.0125 —
4 | M | CDKL5 £E/CP+MR 1 7 8S SC | mod hyps 0.0125 CMV B
5 | M | 1p36 K&/CP+MR 1 28 |sC multi sp+HVS 0.0125 —
6 | M| FEI/MR 2 4 sC S-B 0.0125 TAEAEEAR
7 | F | BEHEE/MR+CP+PDD 3 6 SS hyps 0.0125 —
8 | F | RFEKEE/MR+CP 4 5 sc hyps 0.0150 -
9 | F | REHEEE/ICP+MR 4 6 sC hyps 0.0128 —
10 | M | FE/MR, EXREKE 4 12 | SC P-Osp 0.0250 -
11 | F | THMR 4 8 sC hyps 0.0125 g
12 | F | Aicardi SEfEEE 5 6 SC hyps 0.0100 —
13 | M | BEMEE, HIECP+MR 5 12 | TSSC | hyps 0.0125 HERITE, BOE
14 | F | FH/BREREREE? MR 5 6 SC dif sp & w 0.0125 —
15 | M | FRB3/CP+MR 5 9 sC hyps 0.0100 —
16 | M | ABE/MBBREE ? CP+MR 5 6 sC mod hyps 0.0125 BRROTE
17 |M|21 by vE— 6 7 sC hyps 0.0125 -
18 | M | REA/MR 6 8 sC dif sp & w 0.0150 —
19 | M | BEBEE/ Williams EHEE 7 8 sC hyps 0.0100 -
20 | M | BEHEE/CP+MR, FIRBHBERTE, |8 12 |sC hyps 0.0120 g
TR
21 | F | #SEREREMLAE 8 11 |sc dif sp & w 0.0125 —
22 | F | AEHREZE/CP, CLD, MR 8 11 |SC hyps 0.0125 Tk, RIR
23 | F | AEHEE +REARE/MR+CP 9 15 |sc hyps +focal sp & w | 0.0060 3o
24 | F | BiREEEGREGHEE 18 50 | M ASC | dif sp & w-+sh 0.0100 EEHM
25 | F | RE/MR 18 18 |sc multi +dif HVS 0.0140 —

MR :mental retardation, CP:cerebral palsy, PDD:pervasive developmental disorders, HIE:hypoxic ischemic encephalopathy, CLD:chronic lung disease,
SS:single spasm, SC:spasms in cluster, M:myoclonic seizure, TS:tonic seizure, PS:partial seizure, ASC:atypical spasms in cluster,
hyps:hypsarrhythmia, multi:multifocal, S-B:suppression-burst pattern, sp:spike, mod.:modified, P:parietal, O:occipital, dif:diffuse,

sp & w:spike & wave, sh:sharp wave, HVS:high voltage slow, CMV:cytomegalovirus

EXTRTIFIMEELDIOLOREREFHEL 2% b D% ERENK
LUTHE T 5 & 25 BIEBIERETH > 72, 2] West
R L BRI SN TBY, early infantile epileptic encephalopa-
thy with suppression burst (EIEE) 2*5 West EIEBRICBITL7:
BUA% 2 B, West FEMRFED SEBEMEE T TADP AT L72FI
5Bl EREEBRTAPACBITLZEAD 26, REET
APABAT LB 1 Bl Th o7z, BIR 1261, KB 13 6
T, TAPARKFERIIBE®I~1H6 7 (FREOES
#R), BF>OHME ACTH 55 E TO treatment-lag 1%
0~32%F (PRIE3 HH), ACTH RKSEERIIHE 2 4
A~a4m2 7R (PRIEOESHA), 2HBE8HF~45
AR (FRME1R4VE), 3SEE 1IR3 VA~6K 107
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B (dfE 111 #A) Thol:. ACTHREELHREH
FMOREIEFTHEQCHBICL Y, ACTH 5E30H
0.0060 ~ 0.0250 mg/kg/day, 2 [ H it 0.0100 ~ 0.0200 mg/kg/
day, 3 [@HiZ 0.0120 ~ 0.0200 mg/kg/day TH - 7.

B# ACTH RS » L 0BEHME 2 7 A»H 7€ 1048
THhot:.

3. B0 HER

ACTH 5 BICERBEN 2 VAU EEE LB E2ET L
LTEHMR R, *OBROBRERZE% Kaplan-Meier 512
& ) Mantel-Cox test Z iV CTEEIE L UTHST L
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£ 12 25 EFORKESR 2 HH ACTH BEEN

No. | A | Sefem Bk el LTSS s

1 |12 |SC hyps 0.0125 % |6 WA 3

2 |8 e hyps 0.0120 =5 | — —

3 |12 |SC - |hyps 0.0125 = | — —

4 |16 |SSSC | hyps 0.0150 5 | — —

5 |33 |ss multi sp 0.0200 H% |8 WA EEREME, AHE AR BEELE
6 |20 |SCSS | dif polysp 0.0200 &5 — AEREAE

7 |9 PS SS | multi sp & w-+hyps 0.0125 &5 | — -

8 |15 |sC multi sp & w 0.0200 BR|94A -

9 |9 sC dif sp & w 0.0120 BE|(34A £ K MfE, THE, FE8n, 8Kk
10 |18 |SC multi sp-+dif. sp&w | 0.0200 % |34A ETRER

11 |18 |SsC sp & w burst (Lt>Rt) | 0.0200 BR|sSHA -

12 |56 |SC dif sp & w 0.0100 mE | — —

13 |27 |TSSC | maltisp 0.0110 &/ | — BHRRITHE

14 |22 |SC dif sp & w 0.0100 BE 148 —

15 {12 |SsC Rt P-O ~ dif polysp & w | 0.0100 &/ | — —

16 |9 sc Ltsp 0.0125 E#H|3AA BERRTE

17 |12 |SS dif sp & w 0.0125 B3 |14 AR BEBNE, THE

18 |28 |SCSS |difsh&s 0.0200 BR|67A FEHEN, ERET

19 |15 |sC hyps 0.0125 BRE|5%A BIE, EERER, A LT
20 |16 |SC hyps 0.0120 B®|34A -

21 |12 |SCM | multi sp 0.0200 B/ — —

22 |13 [SCSS |multisp&w 0.0200 &5 | — FPEARAR, R

23 {19 |SS hyps+sp & w 0:0200 BE|45B —

24 |59 |PSSC | multisp&w 0.0140—0.018 | &Sy | — HEHEN

25 |29 |SC multi sp-+HVS 0.0200 BE|64A -

SS:single spasm, SC:spasms in cluster, M:myoclonic seizure, TS:tonic seizure, PS:partial seizure, hyps:hypsarrhythmia,
sp:spike, dif:diffuse, multi:multifocal, polysp:polyspike, P:parietal, O:occipital, sp & w:spike & wave, sh:sharp wave,
sh & s:sharp & slow wave, HVS:high voltage slow

%2 ACTH % 3 [H H AT

No.| B | mfem Bk ‘m‘?ﬁjf 2% | SEM LM N
9 | 15 |SC dif polysp 0.0120 BRE | 1348 —
20 | 23 |SCsS hyps+Rt Fsp & w | 0.0150—0.0200 | % |6 # A —
25 | 60 |SCMPS TS | multi sp+dif HVS | 0.0130 /5| — BERE—BMEICHEM

SS:single spasm, SC:spasms in cluster, M:myoclonic seizure, TS:tonic seizure, PS:partial seizure, hyps:
hypsarrhythmia, dif:diffuse, multi:multiple focal abnormality, F:frontal, sp:spike, sp & w:spike & wave,
HVS:high voltage slow

_— = %, 2 BB FATEERIC 13 epileptic spasms O & DIEHAT 68.0% &
B L, BEBEEE S OEFAF ML ThA (K1-A). B
1 HH ACTH #BERITEICIE SS, SC &® epileptic spasms WAL 2 [ B TR 1213 hypsarthythmia % b DHESI A4
DHELDOERH 208 (80.0%), IF 7 u=—FfE (myo- L7: (K 1-B).
clonic seizure;M) RGEE F{E (tonic seizure;TS), BFH/E A ACTH #EiE1E 25 Bt 12 B (48.0%) THEEIZIEHET
(partial seizure;PS) % B¢ b DEFIA 5 6 (200%) TH 5 FoX% (Al
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1E B 11[ 19 ‘5;
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26 B 2! 15
i
B 0% 20% 40% 60% 80% 100%
1E 15 §6\
NN
2@ B 13 \\\\\\\
MANNNN
1 ACTH EEEORIER - BT R
A . ACTH BEBOE/ER
B . ACTH FERMIKITR
[:ss, E3:sc, B:sc+M, F4:sc+Ts, B ss + sC,
N: sc+ps, B : ss+ps
D hyps, N diffuse, B multi, [ focal, [£]: SB

SS:single spasm, SC:spasms in cluster, M:myoclonic seizure, TS:tonic
seizure, PS:partial seizure

byps:hypsarrythmia, diffuse:diffuse interictal discharge, multi:multifocal
interictal discharge, focal:focal interictal discharge, SB:suppression-burst
pattern

1. 2@EERESOEHDR

2 E B ACTH T 25 Bl 13 6 (52.0%) TEHTHo
7o, WHEBNCAB L, BERMETESD 96IF 45 (44.4%),
HAERRETFE S0 6 8k 34 (50.0%), BEEAHD 10 Fid 5
Bl (50.0%) CTHET, BELZEEAONE» o7z, FERY
Be | BHESIE 36THo725, #0955 76132 H
Bi#52ER, ACTH x B L TEHE L2720 DH 541
Hotz. LoL, 1HELY 2HE ACTHH5Ex2Ha L7
13 Bld 5 Bl ESICTH o 72,

ZERBRRTE, 2 HEHRSEIZSS DA, SC DH,

MLiE 45K BT

SS+SC &® T, epileptic spasms D A DFEFI T 17 i 13
Bl (76.5%) THE, EEORBERE bR TRAEDIL
nrh.

FEIRERBIZIRTIE, 3 7 BUTRBOEFTIE 7 Bl 2
B (28.6%), 4 7 BLLE 8 # B skiFmiEfTIE 12 Fis 8
(66.7%), 8 71 BLLEDEBITIE 6 HIrk 3 #1 (50.0%) THZD
THY, MENEED 16 Y AR THADHT 1 6
Hotz. 4H AL ETRE LG REER L SR
HodzZR %2, 3 7PADTCORBCRAENEVE
M2H oIz BEEZ G P72,

Treatment-lag 122V T, 2 7 B UL T OES I 11 ik 8
Bl (727%), 3 WAL LS A ARMOESIZ 7 Bl 2 B
(28.6%), 5 7 BELEDRERIL 75k 3 5 (42.9%) THIT
&1, teatment-lag 2% 2 7 AL F CASIENE ERIZH o 72
¥, BEEZERZ,o7.

2 HE ACTH 5O L EHBROBETIE, 2 HE
A5 12 A LT ORI 9 Bl 4 Bl (44.4%), 13 HBLLE 24
7 B RMOFESIT 10 517 6 # (60.0%), 24 71 A LLE OS]
ToBIF 36l (50.0%) PSERTHY, FEZIALNLP o7,

2 B B ACTH $%5-851C hypsarthythmia % b DS T 7
4Bl (57.1%), ZOMOBERERE T D DEMTIHE 18
Bl ol (50.0%) THEHMTHo7:. 4EOBREFIIBVTIE
ACTH FEHS 0GR RICRNEFRRICL 2 ENA LN
oz,

2. 2 BEHREOREEHE

BREBERICEEINS IR T L ERIE 25 Fld 5 F)
(20.0%) Y, =0 HLEEE 14 7B ORENGIHEE S
Twa. 2 [ H ACTH #F8FIC epileptic spasms DA% b DfE
Bl BB OFEAERE & S DEFI TRIIZR % Kaplan-Meier 75T
HET 5L, FHRIBERAEEELEFN 45 AR, 01 4B
&, BEORBERLHET HEFNTHL P ICERENEVERD
Rohiz (p=0.0381) (H2-A). BEOSBEHZ L OERIE
EPIEHRNRHETD 2 A ADHNICERLE., TALARR
T 2 HE ACTH BOFHEENELBHEL BT L, &
B3 BALLFORBERT229 78, 4 ¥ ALE 8 H Ak
BT 488 7B, 8 W RUBRERAIT 222 W L AEEE IR
oz (p=05412). RHREERERFNE, 4 VAL ES A
ARMBICERLA3H, 3VAUTICER LA 26T, West
FERERO—IRMTHRERL VBV 8 1 AL LORREHOE
BICid, B Ehro (H2-B). 2 HE ACTH 58D
ERCIRYRIEEAPMERE T AL, 2 VAMTTS500 %
H, B3&#BLE24 HARBT328 2 A, 4 ARUET
339 WA THo7z. 2 HWAUTOETEERHIIERLZTA
RN ESEEFTEVEEZ OIS (M 2-C). B b4
ACTH SEREAT £ TD treatment-lag T 2 [A|H ACTH #5740
FHEEEEBRTEET2 L, 2 7 BLUTTs58 2 5, 3
ARAULES ARARBTIBAA, sHAULT3006HAT
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A B C
1.00 1,00 1.00
. —_— S 12M
%5080 :—: spasm®D Az oo i . fgiﬁ Z 080 - <UM
{’F ! +others {’F L - ﬁi TE e =24M
oo o R PERMOEOMLTIL L
%04401 ‘%Jo.w b {g)u 040{ ] 1... :
-y ‘
# 00l #ox I #] 020 L:_;.__,_!
= ! = 000 7 000 .
0 5 10 Is 5 10 is 0 3 10 Ts
kE () BE (A) B (A)
D E
1.00 1.00
g o0 TN g TTiig
(E 060]: c25M  pgosoflo o 4 HE
%040‘ %0.40- :---! -:'I
D D .
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= a |
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2 2[HE ACTH #5#0%/EHGI 0% &

A BRI L BEHRAIORGHS

¢ . BHRBERNREHIRG, spasm D | epileptic spasms DA & b DIEFIFE, +others : epileptic spasm {ZIIZ THORER 2 FH T 2 EH

# (Mantel-Cox test, p=0.0381)

B ! TADARRER L ACTH2 A ERSZOBEHRFIOFSOHR
& | BREERREENE, <3M:3 PABURTORRRE, <8M:4~7 7ARBTORBE, 28M 8 7 AR LTHORFE (Mantel-

Cox test, p=0.5412)

C : ACTH2 B H#ZEBER L 2 AERSZOEENFFOHENER

¢ BREZRRZEORG, S2M. R IVEBUAOC2EHERSE, <! 13~23 7ERO2BERSE, Z24M:24 A ABKLEET

@ 2 EB#5%, (Mantel-Cox test p=0.8842)
D : Treatment-lag & ACTH2 E Bz 5% DO REHHIBI OB E 0TS

¢ | BREZBRIRG, <2M . weatment-lag 7% 2 /1 ALLADEFIB, <5M ! treatment-lag 753 ~ 4 4 F DIEFIREE, =5M | treatment-

lag A5 5 # ALLEDIEFEF (% Mantel-Cox test p=0.0092)

E ! ACTH & 5ENEILL ACTH2 H BRSZDORIENHFOH&OHS
€& BREEREENNG, T 1 DERESEL 2 AERSECRENE, HE 2 OERSETHELLR, BE . 2 HERSE

% U728, (Mantel-Cox test, p=0.2126)

#Ho7z (X 2-D). Treatment-lag 53 B BLLE 5 4 BRiGOE
LHETAE 2 A AT OB TCERBENEAPRREECEDP -
72 (p=0.0092). 3 W ALES W ARBCHIRREEROR
FEREIBIIE 2 2572, 2 BIE ACTH ORSEIIB T,
0.0125 mg/kg/day LT OB L #N L EOBCIIERERICEHL
PREFRONEP oD (p=0.7673), FHREEHEFHER
ZoRERSEYRELA-ETIZ 14 78, FEOBETH
563 1A LBE LBEFEVEmICH o2 (M2-E). B
B TIi%, hypsarthythmia % % DS & b -2 WEFIT 2 BE
ACTH B 5B OFHREB LR LB T 5 £, BEEEIC
ZiEZHLNRP 272 (p=0.6060).

3. 2EBRENEEER

25 Bl 9 BT S 2D EBEI R o 7. BREE 4 1
(15%) FER, BIEZREOERIBFERY 26 8%) &
THEHY, ACTHEETHICELIEELXAEERIEIALNY
o7z,

4. 3EERESDHR

3 @ LLE ACTH #EZ AT LT\ 5 3 fim 2 Blid epileptic
spasms DA% bDOEBT, 6 7B, 11 TEORPORKE
HEBE GO N (F2).

on = =

ACTH DEA T AP ARIEICHT 555513 1950 412 Klein
BIZE o THEENLD, ZD% 1958 4E Sorel 512D
infantile spasms FEBIIC BT B EREIBME SN, DU West
EREHFCBTLHEEOPLLE > TV A, Mackay 50
review? P12 X % &, infantile spasms (23517 5 ACTH #ED
(%0 REEIHIRIR1T 42 ~ 87%, hypsarthythmia DL D
FERIC 42 ~87T%& HE SN T3, Valproate sodium 13
22 ~ 73%, vitamin Bgid 13 ~ 29%, topiramate (I 45%,
zonisamide & 33 ~ 36%DEIEIHFIF L SN Twb, ACTH
FEIENRBEE VR Y, EERGFEERT AT, B
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PRI TETVRNE SRTWA Y, BEDREE
DR T ZRERE SN 3 ACTH Fikid, SR OELH
0o~ T0%REDHY, BHEHTH> THZOROBREMZ
30 ~ 60%TEEH B L H 52, FIE ACTH EMdD 5\ IZESR
BIOEBEDHIFEE NG,
SEhvbiid, ¥R ACTH £3H 5 W3 #E ACTH #H
ZAEBI DGR L LT o ACTH FERERITICONT,
25 FEBI CEYIME, Kaplan-Meier % AV B RRE %
To7-. ACTH EERERITOREMFZRICOVWTIEIA
TTHENIZEALRVA, RIESOHE DB EH%E
PEEIRIZIRIE 1 | E 71%, 2 EH 47%, 3 HE 50%, 4 @H
33%, 5HB 0%L SNTWwa, Bt DIEREYE West EREFT
OREETTH 2 7 ARBROFHRET 520%, BHEFIRTE 2561
B 55 (200%) CTHREMHTETEY, ¥E ACTH E554)
DEEYRE L TR TOBRFIETLILOEERZS. bhb
NDOWETIL, treatment-lag 752 # HLUF, 2 B H ACTH #
E.B$|Z epileptic spasms D & DIEF TREAREMRIFHEFTE
BIEDThol. TOX) BREAERBRL TV LT
ACTH ZERBEHITORREFM LT 5 TERENDH 5.
EEARICBVWTE, BWEROBRD:© ACTH 5 &
LV WERIZEDP 2 TWEY, SEOKRIFIZBNT, &
55 DE|E L AR, WE ACTH BEEVENTH - THikS
BrHETAZ LT 2 HEBITICHREBLNIERNI DD,
ACTH BERERTIIBWTIZ, +o%23HBERZENL L, #
S5BEHETHILY, RIEFAFNRERD L WRESH D
TOEETRETH S, RREFHIBV TIAEEER TSR,
— BRI, WERTI Y PO~ VTR BME 2 S0
72785, BEEAHMSLEERER CEEZAIHERRO 2o
7. SHBLSEFITORF 217> T, X hERE&% ACTH &
FAEHAT 2 BEL L 72\,

Z DIFFEIL AR LA TR HB S BT C (No. 21591342,
23591238), EAFBREEHES (BIEAEHE), TR 2 £5E
- RERBIIRMRER (223) REOXBERL.

EEOMBHER | AR LRFNFCHEL THRTEEELL.
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