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retention time of authentic LTE, were dried ond resus-
pended in assay buffer, which was supplied in the Leuko-
triene C4,D4/E4 enzyme-immunoassay system {Amersham,
Buckinghamshire, UK). Urinary LTE, concentrations deter-
mined by EIA were corrected for recovery of [PH]-LTE,. The
urinary LTE, level was expressed as pg/mg creatinine.

Measurement of 11DTXB,

The 11DTXB; was extrocted from an acidified sample by
adding an equal volume of octadecylsilyl silica powder
{ODS} suspension (80 mg/mL in 40% ethanol) followed
by mixing, centrifuging (ot 2000 g for 3 min at room
temperature) and either decanting or aspirating. The
pellet wos washed with an acidic alcohol solution and
then with petroleum ether for deproteinizing and defat-
ting. The 11DTXB, was eluted by ethyl acetate. The
pooled ethyl ocetate was evaporated to dryness with
nitrogen gas. The dried residue, containing 11DTXB,,
was dissolved in the eluent {acetonitril : chloroform :
acetic acid, 10:90: 0.5, v/v/v) and applied to the
open silica mini column (Bond Elute SI; VARIAN, Palo
Alto, CA, USA). The column was washed with the elyent
(acetonitril : chloroform : acetic acid, 20 : 80 : 0.5, v/v/v).
The elution buffer, containing the 11DTXB,, was dried
with nifrogen gas and the amount of 11DTXB, was
quantitated by RIA (11-Dehydrothromboxane B2 [125]]
RIA" kit; Perkin Elmer Life ond Anclytical Sciences,
Boston, MA, USA). The urinary 11DTXB, level was also
expressed as pg/mg creatinine.

Statistical analyses

The Mann-Whitney unpaired U-test wos used to compare
controls and esthmatic children during the stable condi-
tion and the Wilcoxon paired test wos used to compare
asthmatic children during the stable condition and during
an acute attack. Correlation was cnalyzed by Pearson
correlation analysis. The percentage of changes was
calculated using the following equation: % change =
{level during stable condition — level during attack)
% 100/level during oftack. Data are expressed as the
median (range} and P < 0.05 was considered significant.

RESULTS
Urinary LTE, and 11DTXB, levels
Urinary levels of LTE, and 11DTXB, were measured to

define the potential rcles of CyslTs and TXA; in children
with bronchial asthma.

leukotriene E; was measured by EIA. Urinary LTE,
levels are plotted in Fig. 1. Urinary LTE, levels in
asthmatic children during the stable condition (332
(128-965) pg/mg creatinine) was significantly higher
{P < 0.05} than that of control subjects (233
(103-389) pg/mg creatinine; Fig. 1a). Comparing the
different conditions of asthma, LTE, levels during on
acute attack (476 (191-1100) pg/mg creatinine) were
significantly higher (P < 0.05) than those during the
stable condition (Fig. 1b).

11-Dehydro-thromboxane Bwas measured by RIA
and was detectable in oll urire samples. Urinary
110TXB; levels are shown in Fig. 2. Urinary 11DTXB,
levels in asthmatic children during the stable condition
(1009 (46-6070) pg/mg creatinine) were significantly
higher (P < 0.05) than those of control subjects (252
(41-716) pg/mg creatinine; Fig. 2a). However, there
was no significant difference in 11DTXB, levels during an
acute attack {1666 (110-5105) pg/mg creatinine) and
during the stable condition (Fig. 2b).

Urinary levels of LTE, and 11DTXB, were observed
during the stable condition, an acute atiack and 2 days
affer treatment in nine asthmatic children (Fig. 3). Urinary
LTE; increased from 373 pg/mg creatinine (range
183-556 pg/mg creatinine) during the stable condition
to 546 pg/mg creatinine ({range 280-1100 pg/mg
creatining) during an acute asthma attack and then
decreased to 443 pg/mg credtinine {range 156-872 pg/
mg creatinine) 2 days after treatment (Fig. 3a). In con-
trast, urinary 11DTXB, levels exhibited different patterns
after an attack. Urinary 11DTXB, levels increased from
1009 pg/ig creatinine {range 131-2106 pg/mg cre-
atinine) during the stable condition to 1285 pg/mg
creatinine {range 166-3122 pg/mg creatinine) during
an acute asthma attack and grodually decreased to
842 pg/mg creatinine (range 492-2708 pg/mg creati-
nine) 2 doys after treatment. However, each patient
showed variable levels of urinary 11DTXB, 2 doys ofter
treatment {Fig. 3b).

Correlations between urinary LTE, and
11DTXB,

We aossessed the relationship between LTE, and
11DTXB; in children with bronchial asthma (Fig. 4). No
relationship was noted between these prostanoids in
children with bronchial asthma or in the controls. In plots
of changes from levels observed during an attack to
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Fig. 1 (a} Urinary leukotriene E, {LTE,} levels in asthmatic children during the stable condition {median 332 pg/mg creatinine;
range 128-965 pg/mg creatinine) and in controls (median 233 pg/mg creatinine; range 103-389 pg/mg creatinine). {b) Urinary
LTE, levels in osthmatic children during an acute asthma attack (median 476 pg/mg creatinine; range 191-1100 pg/mg creatinine)
and during the stable condition {median 332 pg/mg crectinine; range 128-965 pg/mg creatinine). Horizontal bars indicate median
values, *P < 0.05.
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Fig. 2 (o) Urinary 17-dehydro-thromboxane B; (11DTXBy) levels in asthrnatic children during the stable condition (medion
1009 pg/mg creatinine; range 46-6070 pg/mg creatinine) and in controls (median 252 pg/mg creatinine; range 41-716 pg/mg
creatinine). (b} Urinary 11DTXB, tevels in esthmatic children during an acute asthma aitack (median 1666 pg/mg creatinine; range

110-5105 pg/mg creatinine) and during the stable condition {median 1009 pg/mg creatinine; range 46-6070 pg/mg creatinine).
Horizontal bars indicate median values. *P < 0.05.
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Fig. 3 Urinary leukotriene E, (LTE,) and 11-dehydro-thromboxane B, {11DTXB,} levels in nine children with bronchial asthma
during the stable condition, an acute asthma ottack and 2 days after treatment. {a) Urinary LTE levels increased from a median
of 373 pg/mg creatinine {range 183-556 pg/mg creatinine) during the stable condition to 546 pg/mg creatinine (range
280-1100 pg/mg creatinine} during an acute asthma attack, decreasing again to 443 pg/mg creatinine {range 156-872 pg/mg
creatinine) 2 days after treatment, (b) Urinary 11DTXB, levels were opt to increase from a median of 1009 pg/mg crectinine {range
131-2166 pg/mg creatinine) during the stable condition to 1285 pa/mg crectinine (range 166-3122 pa/mg creatinine} during an
acute asthma attack ond then decrease slowly to 842 pg/mg crectinine (range 492-2708 pg/mg creatinine} 2 days ofter treatment.
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Fig. 4 Relctionship between urinary leukotriene B+ (LTE.) and 11-dehydro-thromboxane B, (11DTXB,) levels. No relationship was
noted between these prostanoids in (a} control subjects, (b} asthmatic children while in the stable condition and {c} asthmatic children

during an acute asthma atack.

levels during the stoble condition, the changes in LTE,
were not related to changes in 11DTXB, in children with
bronchial esthma (Fig. 5). Neither gender, age, serum
IgE nor eosinophil count had any relationship with
urinary levels of LTE, or 11DTXB, (dats not shown). One
patient (no. 5) had high eosinophil counts {1 344/uL
during the stable condition: 871/uL during an acute
ottack; and 2567/uL when he felt better 2 doys after
treatment). However, the eosinophil count did net corre-
late with urinary levels of LTE, or 1 1DTXB,. There was no
significant correlation between urinary levels of LTE, and
the severity of asthma; however, the severity of asthma in

patients with high levels of urinary LTE, were classified as
‘moderate persistent’ or ‘severe persistent”,

Discussion

Cysteinyl leukotrienes and TXA, are considered to play
important roles in the pathogenesis of bronchial asthma.
The relationship between urinary LTE, and 11DTXB,
in the pathogenesis of asthma has been reported by
several investigators;2-58.11.13.20 hacquse of the instability
of CyslTs and TXA;, the end-products of the cascade
were determined. However, most studies have been
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Fig. 5 Changes (%) in leukotriene E, (LTE,) levels did not
correlate with changes {%) in 11-dehydro-thromboxane B,
{11DTXB;) levels in children with bronchial asthma. The per-
centage change was calculated as follows: (level during stable
condition — level during attack) x 100/level during attack.

performed in adults. In the present study, we have
demonstrated the relationship between urinary LTE, and
11DTXB; in children with bronchial asthma.

In the present study, urinary LTE, levels in children with
bronchial asthma during the stable condition were signif-
icantly higher than in control children. In addition, urinary
LTE, levels in children during an acute asthma attack
were higher than during the stable condition. Asano
et al.® also demonstrated that patients with mild to mod-
erate asthma excrete LTE, in the urine at a greater rate
than control subjects. Taylor et al 4 revealed that urinary
LTE4 was significantly higher in asthma patients after
antigen challenge than in control subjects. The results of
the present study are consistent with previous findings in
adult asthmatic patients 34.%11.17.20

In the present study, urinary 11DTXB, levels were
higher in children with bronchial asthma than in controls.
Uniike LTEs, urinary 11DTXB; levels did not increase
markedly during an ocute attack.

Qosaki et 032 reported on variations in urinary
levels of these mediators in patients with spontaneous
asthma attacks who were monitored for 3 days and
whose state improved. The study of Qosaki et af.32°
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showed that urinary levels of LTE, were significantly
higher during the attack and returned o control levels
once the patient’s state had improved. In the present
study, the urinary levels of these prostanoids were meas-
ured in asthmatic children during the stoble condition,
during an acute attacks ond 2 days after treatment. In
eight children, urinary LTE, levels increased during an
acute attack and decreased 2 days after treatment. One
patient (no. 8) exhibited a different pattern of urinary LTE,
excretion: levels decreased during an acute attack and
then increased when she felt better 2 days after freatment.
However, the urinary 11DTXB, levels in this patient
increased during an acute attack and then decreased
2 days after treatment. This patient had atopic-type bron-
chial asthma and was treated with theophyline, steroid
inhalant, DSCG and a B,-adrenergic receptor agonist.
Before she was enrolled in the study, she had been
treated with an LTRA for 5 weeks. However, LTRA treat-
ment had little effect on her asthma. Urinary 11DTXB,
levels tended to increase during an asthma attack and
persisted 2 days after treatment. Similar to the findings
of the present study, Oosoki et al. have shown that
the median level of urinary 11DTXB, was highest during
the 3rd hospital day in atopic-type patients and during the
2nd hospital day in non-atopic-type patients.?

In the present study, wurinary levels of LTE, and
11DTXB; were slightly higher than those reported previ-
ously. 238111320 Gsamura ef ol. had reported that urinary
levels of 11DTXB, were significantly high between 1 and
3 years after birth and that they tended to decrease grad-
vally with age thereafter.?' Because afl our subjects were
children {1-15 years of age), this may explain why
the urinary levels of 11DTXB, were slightly higher in the
present study than those reported previously.

Suzuki et 0l.? reported that no significant relationship
was cbserved between urinary LTE, and 11DTX8, in asth-
matic patients. Gasaki et al.® also examined the relation-
ship in changes (%) between these two metabolites;
however, they noted no significant difference. In the
present study, consistent with results of previous studies,
no relationship was observed between urinary LTE, and
11DTXB; in children with bronchial asthma. In addition,
changes {%) in LTE, levels were not associated with
11DTXB, levels in children with bronchial asthma. This
suggests that increases in the levels of these two meta-
bolites are not correlated with one another.

Neither gender, cge, serum IgE nor eosinophil count
revealed any relationship with urinary levels of LTE, or
VIDTXB;. Eosinophils play an important role in the
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pathogenesis of bronchial asthma and the eosinophil
count is correlated with the clinical severity of the dis-
ease.?? However, there are few studies referring to the
correlation between eosinophil count and urinary levels
of LTE; or 11DTXB,. There was no significant correlation
between urinary levels of LTE, and the severity of asthma;
however, the severity of the asthma in patients with high
levels of urinary LTE, tended to be classified as ‘moderate
persistent’ or ‘severe persistent’.

In conclusion, we have shown significantly higher
levels of urinary LTE; and 11DTXB, in asthmatic children
during the stable condition. These findings strongly
suggest that the arochidonate coscade metabolites
CyslTs and thromboxanes play certain roles in the patho-
genesis of bronchial asthma in children. According to the
differenticl changes in urinary levels of these metabolites
during on geute attack, we suppose that an imbalance in
the metabolism arises between the 5-lipoxgenase
pathway and the cyclooxygenase pathway. The measure-
ment of LTE, and 11DTXB; in urine samples, which is a
safe and euasily available method of estimating the syn-
thesis and release of the mediator in children, would be
useful in understanding the pathogenesis of bronchial
asthma.
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SUMMARY

Selective IgA deficiency is the most common form of primary immunodeficiency, the molecular basis of
which is unknown. To investigate the cause of selective IgA deficiency, we examined what stage of B-cell
differentiation was blocked. DNA and RNA were extracted from three Japanese patients with selective
IgA deficiency and three with a partial [gA deficiency. In selective IgA deficiency patients, I« germline
transcript expression levels decreased and o circle transcripts were not detected. Stimulation with PMA
and TGF-fl up-regulated Ia germline and e circle transcripts. In some patients, IgA secretion was
induced by stimulation with anti-CD40, IL-4 and IL-10. In partial IgA deficiency patients, la germline,
a circle transcripts and Ca mature transcripts were detected in the absence of stimulation. Qur findings
suggest that the decreased expression level of [ germline transeripts before a class switch might be crit-
ical for the pathogenesis of some patients with selective IgA deficiency. However, in patients with a pat-
tial IgA deficiency, B-cell differentiation might be disturbed after a class switch.

Keywords
TGF-f1

INTRODUCTION

Selective IgA deficiency is a common form of primary immuno-
deficiency in Caucasians. However, there is a difference in fre-
quency between the Caucasian and Asian populations
(approximately 1 in 700 Caucasians and 1 in 18 500 Japanese
being affected) [1,2]. Some IgA deficiency individuals have
increased susceptibility to upper respiratory tract or gastrointes-
tinal infections. Although the frequency of IgA deficiency is rel-
atively high, the molecular basis of this disease is unknown and it
is sometimes associated with deficiency of the IgG subelass or IgE
and with common variable immunodeficiency [3-5]. Some IgG
subclass deficiencies are caused by CH-gene deletions [6-8]. In
addition, some cases of secondary IgA deficiency are caused by
antiepileptic drugs [9], the others being associated with auto-
immune disorders and malignancy. In patients with partial IgA
deficiency whose serum IgA Ievel is 2SD below normal levels [10],
the serum IgA level increases with age. Therefore, it is conceiv-
able that the mechanism underlying the [gA deficiency pathogen-
esis is heterogeneous [11].

B cells differentiate to IgA-bearing cells through a DNA
recombination process that joins the Sy to the Se region with a
deletion of the intervening sequence and this process is initiated

Correspondence: Dr Tsutomu Asano 40 Tsukasa-machi, Gifu 500~
87085, Japan.
E-mail: ben2@ce.gifu-v.ac.jp
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by Ier germline transcripts. After switching, B cells normally dif-
ferentiate from membrane IgA-bearing to IgA-secreting cells.
The IgA deficiency may result from a defect or blockade at sev-
eral levels, such as: 1} a structural gene defect; 2) impaired switch-
ing, which may be due to the lack of a specific switch recombinase,
activation-induced cytidine deaminase (AID) [12], polymor-
phism, or accessibility of the S or I region; 3) failure of IgA-
bearing B cells to differentiate into plasma cells; and 4) a defect at
the transcriptional and/or at the post-transcriptional Jevel [13].
There is an Sp/Sa fragment or SorSy fragment of circular DNA in
the IgA class switch recombination (CSR). Recently, Kinoshita
et al. [14] examined whether isotype-specific transcripts are gen-
erated from I promoters located on excised circular DNA and
found that isotype-specific I-Cu transcripts, termed circle tran-
scripts, were produced only in cells that express AID and undergo
CSR in mice. Kinetic analysis of circle transcripts showed that
they disappeared more quickly after the removal of cytokine stim-
ulation than germline transcripts, circular DNA, or AID expres-
sion. Thus, circle transcripts are a hallmark of active CSR. In this
study, to investigate the pathogenesis of IgA deficiency, we exam-
ined what stage of B-cell differentiation was blocked in this pro-
tein deficiency.

METHODS

Patients
Patients 1,2 and 3 had a primary selective IgA deficiency whose
serum IgA level was below the detection limit; patients 4,5 and 6

© 2004 Blackwell Publishing Ltd
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had a partial IgA deficiency whose serum IgA level was above
5 mg/dL but 28D below normal levels [10] at more than one year
old, as shown in Table 1. Informed consent was obtained from all
these patients or their parents.

Cell preparation and culture

Peripheral blood mononuclear cells (PBMCs) were isolated from
the heparinized blood of patients and control donors by gradient
centrifugation in Ficoll-Paque (Amersham Bioscience, Uppsala,
Sweden) {16]. PBMCs were suspended at a density of 10%mlin an
RPMI 1640 medium supplemented with 10% heat-inactivated
fetal calf serum, L-glutamin (2 mmol/1), penicillin (100 U/ml) and
streptomycin (100ug/ml). PBMCs (10%ml) were cultured in the
presence or absence of phorbol myristate acetate (PMA) (10 ng/
ml} (Sigma Aldrich, St. Louis, MO, USA) and recombinant
human-TGF-B1 (1 ng/ml) (R & D systems, Inc., Wiesbaden, Ger-
many) for 24 h. Further, PBMCs obtained from patients of the
selective IgA deficiency were cultured in the presence or absence
of anti-CD40, IL-4 and IL-10 for seven days.

DNA transfer blot analysis and sequencing of IgA
constant region
Genomic DNA was purified from a polynuclear cell fraction with
a Sepa Gene (Sanko Jyunyaku, Tokyo, Japan). DNA transfer blot
analysis was performed according to a previous report using a Cer
2 probe, which was a 2-kb Pst I fragment from ch. h. Igx —25 [17].
The fragments of the I promoter region, exonl, exon2, exon3
and the membrane exon of the « 1 gene were amplified, ligated to
a T-vector (Novagen, Madison, WI, USA) and sequenced using an
ABI 377 DNA Secquencing System (Applied Biosystems, India-
napolis, IN, USA).

PCR amplification of o 1 hsl, 2 enhancer

DNA iragments, including the region of variable number of tan-
dem repeats (VNTR), of the & 1 hsl, 2 enhancer were amplified
with consensus-flanking primers and the cycling conditions were
as follows: sense 5-GGGTCCTGGTCCCAAAGATGGC-3 and
antisense 5-TTCCCAGGGGTCCTGTGGGTCC-3" [18]; 94°C
for 1 min, 64°C for 1 min and 72°C for 1 min for 40 cycles.

cDNA synthesis

RNA was extracted from PBMCs cultured in the presence or
absence of PMA and TGF-f1 for 24 h using an Isogen kit (Nippon
Gene, Tokyo, Japan) and cDNA synthesis from 2g of RNA was
performed using a cDNA synthesis kit according to the manufac-
turer’s instructions.

Semiquantitative PCR analysis of Io. germline transcripts
Figure 1 schematically shows the locations of oligomers used in
the following experiments in the regions of JH, I 1, Cx 1 and
Cu. PCR amplification of the [&r germline transcripts was car-
ried out using the primers and cycling conditions as follows.
The sense primer was chosen from the 3’ region of the I 1
exon and the antisense primer was obtained from the 3’ region
of the Car 1 exonl [19]. The following primers were used: IS,
sense 5-TGAGTGGACCTGCCATGA-3'(GenBank accession
number-L04540), CAl, antisense 5-CTGGGATTCGTGTAGT
GCTT-¥ (J00220) (Fig.1). For unstimulated ¢DNA; 94°C for
1min, 58°C for 1min and 72°C for 1min for 28, 32, 36, 40
cycles. For stimulated cDNA; 94°C for 1 min, 58°C for I min
and 72°C for 1min for 35 cycles. The plasmid containing a
337bp cDNA fragment from I germline transcripts was par-
tially substituted with a 267 bp fragment from BLM cDNA
[20] and was used as a competitor DNA. The PCR product of
the wild type was 337bp and that of the competitor was
287 bp. Each template contained 1ul of ¢cDNA from 2ug of
RNA extracted from PBMCs cultured in the presence of PMA
and TGF-f1 and one of fivefold dilutions of the competitor
DNA.

Nested PCR analysis of o circle transcripts

Nested PCR analysis of a circle transcripts was carried out using
the primers and cycling conditions as follows, The sense primer
was chosen from the 3’ region of the I 1 exon and the antisense
primer was obtained from the 3" region of the Cp. In the first
round, the primers P1 and P4 were used at 95°C for 9 min in the
denaturing step, 95°C for 1 min, 51°C for 1 min and 72°C for
2 min for 35 cycles. In the second round, the primers P2 (IS) and
P3 were used at 94°C for 1 min, 58°C for 1 min and 72°C for
1 min for 35 cycles. The primers were: P1, 5-CACAGCCAGC

Table 1. Immunlogical data of patients

Surface Ig-bearing

Serum Ig (mg/dl)t B cells (%) 1gG subclass (mg/dl)
Patient
no. Sex Age IgG IgA IgM IzG IgA IgM IgG1 1eG2 IgG3 IgG4
Selective IgA deficiency
1 M 6 years 1120 (630-1490) <5 (45-258) 110 (72-305) 1 0 23 619 255 573 339
2 F 14 years 1750 (760-1680) <5 (77-371) 259 (69-296) 1 1 13 630 625 351 154
3 F 7 years 1430 (660-1340)  <5(51-279) 104 (73-310) 0 0 5 893 382 474 3594
Partial IgA deficiency
4 M 21 months 889 (460-1220) 13 (16-128) 69 (57-260) 1 1 3 466 93.4 13-5 162
5 F 16 moenths 465 (460-1220) 9 (16-128) 70 (57-260) 1 0 3 306 69.3 276 38
6 M 18 months 474 (460-1220) 10 (16-128) 83 (57-260) 2 0 11 295 97.0 400 4-4

tNormal range (2-5-97-5 percentile) of serum Ig are given in brackets where appropriate; they are from Normal Range for Clinical Testing of Japanese

Children [15).
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Fig. 1. (a) Schematic of PCR strategies. The human IgH locus after VDJ rearrangement is shown schematically at the top. Primers are
indicated by arrows. The PCR fragments amplified from cDNA are indicated by thick lines with a V-shaped line representing splicing. (b)
Schematic of PCR strategies for circle transcripts. The IgA class switch recombination is shown. Thick lines below circular DNA indicate
exons of @ circle transcripts connected with a V-shaped line representing splicing.

GAGGCAGAGC-3 (L04540), P2, 5-TGAGTGGACCIGC
CATGA-Y (104540}, P3, 5-CGTCTGTGCCTGCATGACG-3
(X14940), P4, 5"-ACGAAGACGCTCACFITGGG-¥ (X14940)
(Fig. 1).

PCR analysis of Coe mature transcripts

PCR amplification of Cor mature transcripts was carried out
using the primers and cycling conditions as follows. The JH con-
sensus sequence was used as the sense primer and the antisense
primer was obtained from the 3’ region of the Ca 1 exonl.
The following primers were used: JS, sense 5'-CCTGGTCAC
CGTCTCCTCA-3' (L20778), CA2, antisense 5'-ACGTGGCAT
GTCACGGACTT-3 (J00220) (Fig. 1); 94°C for 1 min, 59°C for
Imin and 72°C for 1 min for 32, 34, 36 and 38 cycles.

Assay of IgA secretion

The concentration of IgA in the supernatant of PBMCs cultured
in the presence or absence of anti-CD40, IL-4 and IL-10 for seven
days was assayed by an enzyme-linked immunosorbent assay kit
{Cygnus Technologies, Southport, NC, USA).

RESULTS

Southern blot analysis of Ca constant region

PstI-digested DNA samples from the six patients and one control
subject were analysed using a Car 2 gene probe. Human Car genes
are sufficiently homologous and detect both Car1 and Cer2 genes.

As shown in Fig. 2a, the large deletion of the constant region on
the Ca genes was not detected in all subjects.

Genome sequence of Co. constant region

To examine the mutation of the ¢ heavy chain, PCR analysis was
performed using the primers of the I promoter region, exonl,
exonZ, exon3 and the membrane exon of the 1 gene. There were
no mutations in these regions. The polymorphism of the Ce 1
gene 882G—C(E175D) in exon? was detected in patients 1, 3 and
5.

PCR amplification of a 1 hsl, 2 enhancer

We analysed the a hsl, 2 enhancer, which strongly regulates
human IgH expression and is located within 12 kb downstream of
both the human Ig Ca 1 and Cer 2 genes [18,21]. The « 1 ksl, 2
enhancer is located between Cer 1 and ¢ y(Fig.2b). As shown in
Fig. 2¢, a fragment of the ¢ I hsl, 2 enhancer was detected in all
subjects. or 1 hsl, 2 has three variants with VNTR, namely a1 A,
@ 1B and ¢ 1C (including one, two and three repeats, respectively)
[18]. The sizes of the PCR products were 462 bp, 515 bp and
568 bp for @ 1 A, @ 1B and a1 C, respectively. Controls 1 and 2,
patients 2, 3 and 4 had the o 1 A/A allele, patient 1 had « 1B/C,
patient 5 had & 1 A/B and patient 6 had ¢ 1 A/C.

Germline transcript expression in IgA deficiency
Germline transcripts are indispensable for the initiation of CSR.
We examined the expression of la germline transcripts using a

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 136:284~290
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Fig. 2. (a) Ca gene hybridization pattern. PstI-digested DNA samples from control (C1) and patients (P1-P6) were analysed by Southern
blot analysis. The probe was a 2-kb Cax 2 fragment. The length in kb of each Cox gene, is indicated. (b) Schematic of PCR strategies for the
detection of & 1 hs1, 2 enhancer located between Cex 1 and gy, The @ 1 hs3, @1 hsl,2, and e 1 hs4 fragments are located 7,11, and 20kb
downstream of the Ce 1 gene, respectively (20). Primers are indicated by arrows. (¢} PCR fragments of & 1 hsl, 2 enhancer from genome
DNA are shown. PCR products of sizes 462 bp, 515 bp and 568 bp for @ 1 A, @ 1 B and & 1 C, respectively. C1 and C2, normal controls;

P1-P6, patients 1-6.

semiquantitative PCR analysis. First, the expression of the I ger-
mline transcripts of unstimulated PBMCs was examined by RT-
PCR using different cycles and that expression from patients 1,2
and 3 was not clearly detected even after 40 cycles were run and
the expresston levels were markedly lower than those in controls.
In patients 4, 5 and 6, the expression levels were slightly lower
than those in controls but the Ia germline transcripts were
detected at significant levels (Fig.3a). Next, competitive PCR
analysis was applied to measure the expression level of T germ-
line transcripts of PBMCs stimulated by PMA and TGF-f1. In
both controls and IgA deficiency patients, the target cDNA and
competitor were almost equivalent between lane 3 and lane 4
(Fig. 3b). The I germline transcripts of PBMCs from the selec-
tive and partial IgA deficiency patients were induced by PMA and
TGF-f1 at a level almost equal to those in controls. The Ia ger-
mline transeripts of PBMCs from the selective and partial IgA
deficiency patients were induced by PMA and TGF-f1 at a level
almost equal to those in controls.

Circle transcript expression in IgA deficiency

To determine whether the CSR from IgM to IgA could occur in
the IgA deficlency patients, the expression of the « circle tran-
scripts was examined. The ¢ circle transcripts were generated

from la promoters located on excised circular DNA and Cu
(Fig. 1b). Because the circle transcripts were not clearly detected
at first PCR (data not shown) even in controls, we performed
nested PCR and the e circle transcripts were detected in controls,
patients 4, 5 and 6, but not in patients 1,2 and 3 (Fig. 4). However,
the circle transcripts were induced in PBMCs from patients 1, 2
and 3 after stimulation with PMA and TGF-f1.

Mature transcript expression in IgA deficiency

We further examined the expression of Ca mature transcripts,
including both their membrane and secreted forms, by RT-PCR
using different cycles. As shown in Fig. 5a, the expression levels of
the Cor mature transcripts of unstimulated PBMCs from patients
1,2,3 and 4 decreased. In patients 5 and 6, the expression levels
of the Cax mature transcripts decreased slightly compared to con-
trols. The Cax mature transcripts were induced by PMA and TGF-
Bl in patients 1 and 2. In patient 3, the Cor mature transcripts
were not markedly induced by PMA and TGF-f1 stimulation
(Fig. 5b).

IgA secretion induced by anti-CD40, IL-4 and IL-10
IgA secretion by CD40-activated PBMCs from patients with the
selective IgA deficiency was examined. Anti-CD40, IL-4 and

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 136:284-290
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Fig. 3. (a) Expression of I germline transcripts in unstimulated PBMCs. Semiquantitative determination using RT-PCR analysis. In each
case, 28, 32, 36 and 40 cycles were run. B-actin was used as a control with a run of 28, 32 and 36 cycles. The position of target ¢cDNA is
indicated by an arrow. C1 and C2, normal controls; P1-P6, patients 1-6. (b) Competitive PCR of the expression of Ier germline transcripts.
Each template contained the same amount of cDNA synthesized from RNA extracted from PBMCs after stimulation with PMA and TGF-
1 and one of fivefold dilutions of I germline transcript competitor (lanes 1-5). Each equivalent point is indicated by an arrow. C1 and

2, normal controls; P1-P6, patients 1-6.

(a) Unstimulated

*’_
c1 €2 P1 P2 P3 P4 PS5 P6

(b) PMA and TGF-51 stimulated

—'-

c1 C2 Pt P2 P3 P4 P5 P&

Fig. 4. Detection of @ circle transcripts in PBMCs cultured without or
with PMA and TGF-J1. The second PCR fragments of a circle transcripts
are shown and are indicated by arrows. C1 and C2, normal controls; P1-
P6, patients 1-6.

IL-10 induced IgA secretion in PBMCs from control and
patient 1. In patient 2, IgA secretion was slightly induced. How-
ever, in patient 3, it was not induced by the same stimulation
(Fig. 5¢).

DISCUSSION

In this study, we demonstrated the following in selective IgA defi-
ciency patients: 1) Cex genes were not deleted; 2) expression levels
of la germline transcripts of unstimulated PBMCs markedly
decreased; 3) Ia germline transcripts were induced by PMA and
TGF-£1; 4) acircle transcripts of unstimulated PBMCs were not
detected; 5) e circle transcripts were detected after stimulation; 6)
Ca mature transcripts were induced by PMA and TGF-§1; and 7)
IgA secretion was induced by appropriate stimulation.

Thus, the decreased expression level of the Ia germline tran-
scripts is critical for the pathogenesis of the selective IgA defi-
ciency in our patients and it is possible to induce IgA CSR in these
patients. In partial IgA deficiency patients, although the expres-
sion levels of the Ig germline transcripts were slightly lower than
controls, o circle and mature transcripts were detected. The num-
ber of surface IgA-bearing B cells was low in all of the IgA defi-
ciency patients. It is suggested that a defect of the membrane-
bound IgA at the post-transcriptional level may cause low IgA
production in partial IgA deficiency patients. The expression of
the membrane-bound immunoglobulin is indispensable for the
generation of efficient primary and secondary immunoglobulin
responses [22]. In this study, there was no mutation of the alter-
native splice site for the membrane exon of the Cax 1 gene.

The I germline transcripts are conceivably critical for the ini-
tiation of switching from Cu to Cex In a previous study, it was
reported that the I germline transcripts were absent in periph-
eral B cells of IgA deficiency patients, suggesting the impairment
of IgA switching [13]. However, it was also reported that the lo
germline transcripts were detected in all of the IgA deficiency
patients tested as well as in normal controls [23]. Consistent with

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 136:284-290
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using RT-PCR analysis. In each case,

32,34, 36 and 38 cycles were run. S-actin was used as a control with a run of 28, 32 and 36 cycles. The

positions of target cDNA are indicated by arrows. C1 and C2, normal controls; P1-P6, patients 1-6. (c) IgA secretion was induced by
activation of PBMCs. PBMCs (10%mL) were cultured in the presence ot absence of anti-CD40, IL-4, and IL-10 for seven days.
Concentration of [gA in the supernatant of PBMCs was measured by an enzyme-linked immunosorbent assay. P1-P3, patients 1-3.

previous reports, our study revealed two different types of defects
in B-cell differentiation - one was a decreased CamRNA level in
IgA-switched B cells and the other was a switching defect, which
may be present in IgA deficiency patients.

It is possible that some stimulation corresponding to that with
PMA and TGF-f1 is reduced or blocked in selective IgA defi-
ciency patients. In patients 1 and 2 but not 3, PMA and TGF-j1
could induced the o germline and mature transcripts and CD40
and appropriate cytokines induced IgA production. Therefore, in
patient 3, the PMA and TGF-$1 pathways might be blocked,
which were common signals in CD40 and cytokines, such as
mitogen-activated protein kinase [24,25] and protein kinase C
{26] signal transduction, In patient 1 and 2, distinct signal
pathways between TGF-f1 and CD40 might be disturbed in B
cells. Muller et al. reported that the serum levels of TGF-f1 in IgA
deficiency patients were low [27]. In our cases, there was no dif-
ference in the level of TGF-f1 in plasma among selective 1zA
deficiency patients, partial IgA deficiency patients and controls
(data not shown).

In recent studies, many lines of evidence have been presented
indicating that primary IgA deficiency is inherited and asscciated
with a certain major histocompatibility complex-conserved hap-
lotype mainly in populations of the western world [28-30]. How-
ever, there are only a few studies that show an association of
haplotypes, such as [HLA-A1, B8, DR3] [30], with the IgA defi-
ciency in Japanese patients [31]. In our study, the decreased

expression level of the I germline transcripts is critical for the
pathogenesis of the selective IgA deficiency in some patients. Par-
tial IgA deficiency has distinct causes from those of the selective
IgA deficiency. Since in most of the partial IgA deficiency patients
the serum IgA level normalizes with age, the existence of sup-
pressor factors for IgA B-cell differentiation may be assumed. In
our cases, B-cell differentiation in selective IgA deficiency
patients showed impairment before the CSR stage, while B-cell
differentiation in partial IgA deficiency patients showed impair-
ment after the CSR stage.
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Abstract

In subjects with Zellweger syndrome, the most severe phenotype of peroxisomal biogenesis disorder, brain abnormalities include cortical
dysplasia, neuronal heterotopia, and dysmyelination. To clarify the relationship between the lack of peroxisomes and neuronal abnormalities,
we investigated peroxisomal localization in the mouse cerebellum, using double immunofluorescent staining for peroxisomal proteins.

On immunostaining for peroxisomal matrix protein, while there are few peroxisomes in Purkinje cells, many locate in astroglia, especially
soma of Bergmann glia. Clusters of peroxisomes were seen on the inferior side of the Purkinje c¢ll layer in mice on postnatal days 3-5, and
with time there was a shift to the superior side. The peroxisomal punctate pattern was seen to be radial and co-localized with Bergmann glial
fibers. In cultured cells from the mouse cerebellum, peroxisomes were few in Purkinje cells, whereas many were evident in glial fibrillary
acidic protein-positive cells. On the other hand, on immunostaining for peroxisomal membrane protein Pex14p, many particles were seen in
Pwkinje cells during all developmental stages, which means Purkinje cells possessed empty peroxisomal structures similar to findings of
fibroblasts from the Zellweger patients. As peroxisomes in glial cells may control the development of neurons, the neuron—glial interaction

and mechanisms of developing central nervous systeins deserve ongoing attention.

© 2004 Elsevier B.V, All rights reserved.
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1. Introduction

Peroxisomes are single-membrane lined organelles pres-
ent in virtually all eukaryotic cells. In most human cells,
their abundance ranges from less than a hundred to more
than a thousand per cell. The granular matrix of the
organelle contains more than 50 matrix enzymes that
participate in a wide variety of metabolic pathways, includ-
ing beta-oxidation of certain fatty acids and biosynthesis of
ether phospholipids, bile acids, and isoprene compounds.
Peroxisome biogenesis disorders (PBDs) are caused by
defects in PEX genes involved in import of peroxisome

* Corresponding author. Tel.: +81-58-267-2817; fax: +81-58-265-9011.
E-mail address: tomoko-n@ce.gifu-n.ac jp (T. Nagase).
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matrix proteins and biosynthesis of peroxisomal membrane
proteins. PBDs constitute a group of progressive neurologic
diseases and onset and severity can vary {1,2}. Neuropath-
ologic lesions are of three major classes: abnormalities in
neuronal migration or differentiation, defects in the forma-
tion or maintenance of central white matter, and post-
developmental neuronal degenerations {3]. We identified
the first known pathologic gene in 1992 [4], and enormous
progress in defining gene defects has been achieved. Nev-
ertheless, the molecular mechanisms underlying the patho-
genesis have remained an open question. To clarify potential
links between the peroxisome and the mechanisms related to
neuronal abnormalities, we investigated the localization of
peroxisomes in the cerebellum of the mouse during devel-
opmental stages.
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2. Materials and methods

The Institute of Cancer Research (ICR) tnice of both
sexes at different ages were used in the present study. The
age groups studied were: embryonic day 15 (E15), postnatal
days 0 (P0), P3, PS, P7, P10, P14 and P21. Mice were
decapitated after administrating deep diethyl ether anesthesia
to these mice. E15 mice were used in cell cultured studies,
and mice on postnatal days were used in immunohistochem-
ical studies, respectively. Animal handling, maintenance and
experimentations were done in accordance with guidelines
set by the Institutional Animal Care and Use Committee.

2.1, Immunohistochemistry

The obtained brains were immediately placed in liquid
nitrogen, then frozen parasagittal sections (8 um thick) were
prepared on a cryostat and mounted on glass slides. Sections
were fixed with 4% paraformaldehyde/0.1 M potassium
phosphate buffer (pH 7.4) for 20 min then transferred to
phosphate-buffered saline (PBS).

Sections were permeabilized with PBS containing 0.1%
Triton X-100 for 30 min at room temperature (RT), then
transferred to PBS containing 2% fetal calf serum (FCS) and
0.1% Triton X-100 for 1 h at RT for blocking. Sections were
treated with anti-catalase rabbit antibody (a generous gift
from Dr. T. Hashimoto, Shinshu University, Japan), anti-
acyl-CoA oxidase (AOX) rabbit antibody, anti-D-bifunction-
al protein (D-BP) rabbit antibody, anti-peroxisomal 3-
ketoacyl-CoA thiolase (PT) rabbit antibody (antibodies for
AQX, D-BP and PT are generous gifts from Dr. N. Usuda,
Fujita Health University, Aichi, Japan), anti-Pex14p rabbit
antibody, anti-inositol 1,4,5 triphosphate receptor (IP3R)
mouse antibody (a generous gift from Dr. K. Mikoshiba,
The University of Tokyo, Japan), anti-vimentin goat anti-
body (Santa Cruz), and anti-glial fibrillary acidic protein
{GFAP) mouse antibody (Chemicon). An anti-catalase anti-
body, anti-AOX antibody, anti-D-BP antibody and anti-PT
antibody, which are for matrix enzymes, were used to analyze
peroxisomes as markers of peroxisomes {5,6]. An anti-
Pex14p antibody, a peroxisomal membrane protein was also
used to analyze peroxisomal structures (Komori et al. un-
published data). An anti-IP3R antibody was used to confirm
the identity of Purkinje cells [7]. Antibodies for vimentin (PO,
P3 and P5) and GFAP (P7, PI0 and P21), which are
intermediate filaments, were used to analyze glial cells [8].
Primary antibody binding was detected by incubation with
appropriate fluorescein-, Cy3-, or rhodamine-conjugated
secondary antibodies. For observation we used a confocal
laser-scanning microscope (LSM 5 PASCAL, Carl Zeiss).
Images were processed using Adobe Photoshop 6.0 software.

2.2. Cell cultures

Cerebella of E15 mice were dissected, freed of meninges,
collected in Hanks’ Balanced Salt Solution (14175-095,

GIBCO) and kept on ice until digestion using a digestion
kit (MB-X9901, SUMILON). Cells were maintained in 6-
well culture plates (3516, costar) with a polyethyleneimine-
coated coverslip and under scrum-free conditions. Cells
were plated at a density of 6 x 10* cells per em”. First,
the cells were cultured with serum-free medium (MB-
X9501, SUMILON), followed on days in vitro (DIV) 5
and 10, then all the medium was replaced with fresh
medium (Neurcbasal medium, 21103, GIBCO) supple-
mented with B27 supplement (2 ml of B27 50 x concen-
trate (17504, GIBCO) to 100 ml Neurobasal medium) and
0.5 mM r-glutamine. On DIV14, cells were fixed with 4%
paraformaldehyde/0.1 M potassium phosphate buffer (pH
7.4) for 1 h and washed with PBS.

Cultured cells were permeabilized with PBS containing
0.1% Triton X-100 for 30 min at RT, then transferred to
PBS containing 2% FCS and 0.1% Triton X-100 for 1 h at
RT for blocking. These cells were treated with an anti-
catalase rabbit antibody/Pex14p rabbit antibody, and anti-
calbindin D-28 k mouse antibody (SIGMA)/GFAP mouse
antibody. An anti-calbindin antibody was used to analyze
the Purkinje cells [9]. Primary antibody binding was evident
by incubation with appropriate fluorescein- or rhodamine-
conjugated secondary antibodies. Observation and image
processing were done as in the immunohistochemical
studies.

3. Results
3.1. Immunohistochemistry

In immunohistochemical studies on the cerebellar sec-
tions, IP3R was predominantly expressed in Purkinje cells
on all postnatal days tested, whereas in the PO they were
hardly detectable. Purkinje cells were lined, multi-layered,
and formed an orderly single layer by P3. However,
dendrites were hardly detectable in PQ, and branches and
extension increased towards the pia mater. In P21, dendrites
spread into a reticular pattern in a molecular layer (Fig. 1A,
D, G, J, M and P).

In PO-P3, peroxisomes detected with catalase antibody
were seen in a diffuse punctate pattern. In P35, peroxisomes
accumulated in the inferior of the Purkinje layer, where the
locus shifted to a lateral form with time. Afier P10, the
peroxisomal punctate patterns also run radially in the
molecular layer. The peak was seen in P7-P10 (Fig. 1B,
E, H, K, N and Q). Other peroxisomal matrix proteins, AOX
(Fig. 3A, E, I, M, Q and U), D-BP (Fig. 3B, F, J, N, R and
V), and PT (Fig. 3C, G, K, O, S and W) were expressed
much like catalase however slightly more peroxisomes
existed in Purkinje cells.

GFAP was expressed more extensively after P7, which
means that the glial cells were immature in early postnatal
days. The Bergmann glial fibers were elongated toward to
the pia mater (Fig. 2A, D, G, J, M and P).
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Fig. 1. Double immunofluorescence for IP3R (A, D, G, J, M and P) and catalase (B, E, H, K, N and Q) in the mouse cerebellar cortex on various postmatal days.
All images were taken near the midpoint of the preculminate fissure. The complex pattern of catalase is evident in the inferior of the Purkinje layer in the early
postnatal days (-P3), then becomes lateral, Note peroxisomes are hardly localized in Purkinje cells. Scale bar indicates 20 pm.
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Fig. 2. Double immunofiuorescence for vimentin (A, D and G)/GFAP (J, M and P) and catalase (B, E, H, K, N and Q) in the cerebellar cortex on the each
postnatal day, All images were taken near the midpoint of the preculminate fissure. On P10 and P21, GFAP is evident because as on these days vimentin in the
molecular layer was little evident. The punctate pattetns of catalase (peroxisomes) are co-localized with vimentin/GFAP, especially in soma of Bergmann glia.
On P10 and 21, peroxisomes are co-localized with the radial pattemn of Bergmann glia (O and R). Scale bar indicates 20 pm.
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To clarify the localization of catalase-positive peroxi- rarely evident in Purkinje cells (Fig. IC, F, I, L, O and R).
somes in Purkinje and glial cells, double immunostaining On double immunostaining for catalase and glial markers,
for catalase, IP3R and vimentin/GFAP was done. On double numerous peroxisomes were distributed mainly in somata
immunostaining for catalase and IP3R, peroxisomes were and fibers of the Bergmann glia (Fig. 2C, F, I, L, O and R).

AOX D-BP PT Pex14p’

Fig. 3. Immunofluorescence for acyl-CoA oxidase (AOX) (A, E, L M, Q and U), D-bifunctional protein (D-BP) (B, F, 1, N, R and V), 3-ketoacyl-CoA thiolase
(PT)(C, G, K, O, S and W) and Pex14p (D, 1, L, P, T and X} in the cerebellar cortex on the each postnatal day. All images were taken pear the midpoint of the
preculminate fissure. Few peroxisomes are seen in Purkinje cells in immunostaining for AQX, D-BP and PT, like immunostaining for catalase. Numerous
peroxisomes are seen in immunostaining for Pex14p. Scale bar indicates 20 pm.
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Double immunostaining for catalase and vimentin was
evident in PO, P3 and P5, and for catalase and GFAP, in
P7, P10 and P21. :

To clarify if empty peroxisomal structures were evident
in Purkinje cells, we did immunostaining for Pex14p, one of
the peroxisomal membrane proteins. Many particles were
evident in somata of Purkinje cells of all ages of cells (Fig.
3D,H, L, P, T and X).

3.2. Cell cultures
On double immunostaining with anti-catalase and cal-

bindin antibodies, few peroxisomes were detected in cal-
bindin-positive cells, Purkinje cells (Fig. 4A-C). In case of

calbindin

calbindin

Table 1
Proportion of cells with catalase-positive particles

Total - + ++ +++

Calbindin-positive 25 (100.0) 8 (32.0) 15 (60.0) 2(8.0) 0 (0.0}
cells (%)

GFAP-positive
celis (%)

98 (100.0) 0(0.0) 0(0.0) 0(0.0) 98 (100.0)

catalase
=]
catalase
E

Pex14p
H

(—) none; (+) weakly positive; (++) positive; (+++) strongly positive.

immunostaining with anti-catalase and GFAP antibodies,
numerous peroxisomes were seen in GFAP-positive cells,
glial cells (Fig. 4D-F). We counted calbindin- and GFAP-
positive cells in the each area and examined the catalase-
positive particles (Table 1). All of the GFAP-positive cells

Fig. 4. (A, B, C) Double immunofluorescence for calbindin (red) and catalase (green). (D, E, F) Double immunofluorescence for GFAP (red) and catalase (green).
(G, H, T} Double immunofluorescence for calbindin (red) and Pex14p (green). (J, K, L) Double immunofiucrescence for GFAP (red) and Pex14p (green). In
immunostaining for catalase, few peroxisomes are detected in calbindin-positive cells (Purkinje cells) (A —C), however, numerous peroxisomes are seen in GFAP-
positive cells (glial cells) (D-F). In immunostaining for Pex14p, numerous peroxisomes are also seen in Purkinje cells (G-I), as glia! cells (J—L). Scale bar

indicates 20 pym.
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had strongly catalase-positive particles, whereas catalase-
positive particles in the calbindin-positive cells were fewer
in number.

On immunostaining for Pex14p, peroxisomes were evi-
dent in somata of Purkinje cells as in glial cells (Fig. 4G—
L). The number and apparent size of peroxisomes as seen
with immunostaining with Pex14p antibodies, seemed to be
equal in Purkinje (Fig. 4G-I) and glial cells (Fig. 4J-L).

4. Discussion

Immunohistochemical studies on peroxisomal proteins,
either in the adult or in developing mammal nervous tissues
(human, rat or mouse, respectively), have been done by
immunostaining not only for catalase [10-12], but also for
other proteins. There is very wide diversity regarding the
population and intracellular localization of peroxisomes, in
targeted proteins and with aging. Proteins containing per-
oxisomes differ from the case of an intracellular localization
and its own size [13,14].

In the present work, we found that peroxisomes
contained catalase in Bergmann glia, yet none or fewer in
Purkinje cells, in case of both frozen sections and cultured
cells from the developing mouse cerebellum. We did the
same experiments on adult mice (about postnatal days 100).
In Purkinje cells, punctate patterns of catalase were also few,
as on P21 (data not shown). Furthermore, few immunos-
tained particles were seen in Purkinje cells using antibodies
for additional peroxisomal matrix proteins containing both
PTS1 and PTS2 motif, however, the peroxisomal membrane
structure was found in Purkinje cells using immunostaining
for Pex14p as well as in Bergmann glia. Peroxisomes in
Purkinje cells may have little function because matrix
proteins ¢an fail to be imported into peroxisomes in Purkinje
cells. In previous studies on fibroblasts in cases of Zellweger
syndrome, the empty membrane structures were of larger
size [15], and those fibrablasts were affected by protein
import into the peroxisomes by the mutated PEX genes [1].
We considered that the mechanisms of impaired peroxisome
protein import in Purkinje cells may be not the same as the
Zellweger fibroblasts, however, the different expression of
PEX genes between Purkinje cells and Bergmann glia may
be clue to clarify the peroxisomal metabolism in the central
nervous system (CNS).

Some interactions between Purkinje cells and Bergmann
glia have been noted in the developing cerebellum {8,16-
19]. In the vimentin null mouse with poorly developed and
highly abnormal Bergmann gliz, the Purkinje cell had a
paucity of spiny branchlets and disorganized dendrites and
were hypertrophic with a massive thickening of processes.
This means stunting of Purkinje cells may be caused by
dysfunction of the Bergmann glia [8]. Regarding a structural
relationship between radial fibers and migrating Purkinje
cells, radial-glial fibers are apposed to and are in contact
with calbindin-positive Purkinje cells at embryonic days 14

and 15. Radial glial processes are involved, not only in the
contact guidance of Purkinje cell migration through expres-
sion of cell adhesion molecules, but also in the tropic
support of the apposed immature neurons by means of cell
adhesion and molecular transfer through the sequestration of
various molecules into the vesicles {16]. Postnatally, Berg-
mann fibers surround synapses of Purkinje cells almost
completely [17,18]. In the mammalian CNS, astroglia may
play a pivotal role in the metabolism of i-serine, and 3-
phosphoglycerate dehydrogenase (3PGDH), an enzyme ¢s-
sential for L-serine biogenesis, is highly expressed in Berg-
mann glia but apparently not expressed in Purkinje cells [19].

Some murine models with targeted disruption of PEX
genes have been described [20-24]. The deficient PEX2
mouse, with a genetic background; Swiss Webster
(SW)x 129 Svev (Sw/129), has a significant postnatal
survival, with approx. 20-30% of mice surviving for 7-
10 days and a lower rate of survival of P12—13 [22]. While
the control of cerebellar foliation patiem is poorly under-
stood, the dendritic growth of underlying Purkinje cells is
considered to be an important contributing factor. Size of the
Purkinje cell dendritic arbor and the degree of branching
were markedly reduced in the P9 of PEX2-deficient mice.
PEX2 mutant mice had severe abnormalities in the Purkinje
cell dendritic arborization throughout the cerebellum. There
was often a single large dendrite that did not branch
throughout much of its course in the molecular layer.
Portions of the dendritic trees were often present near the
mutant Purkinje cell soma, which had an irregular contour.
Many of the thick proximal dendrites in the mutants were
studded with spines. There was also an increased spine
density on distal dendrites in the mutants. Thus, peroxisome
deficiency plays a prominent role in dendritic growth and
maturation of the large Purkinje cells in the cerebellum.

All this evidence suggests that Purkinje cells may depend
on peroxisomal metabolism mainly in Bergmann glia, and
peroxisomes in glial cells may have an important role in the
development of neuron—glial interactions bringing about the
maturation of Purkinje cells. We intend to investigate
peroxisomal metabolism and PEX gene expression in iso-
lated Purkinje cells.
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